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Letter of Transmittal. 



To His Excellency, J. C. W. Beckham, 
Governor of Kentucky. 

Siu: I have the honor to herewith transmit for publication 
a bulletin, prepared by Professor Aug. F. Foerste, on the 
Silurian, Devonian and Irvine Formations of East-Central 
Kentucky, with an account of their clays, limestones, mineral 
waters and water horizons. 

The report is divided into three parts. Part I. deals with 
the classifications of the several formations, and with the geo- 
graphic distribution of their subdivisions, in accordance with 
the better knowledge of them that has been acquin^d since the 
earlier work of William M. Linney (deceased). Tile great ex- 
cellence of the picmeer work of Mr. Linney on the Kentucky 
Silurian (then known as T-pper Silurian) is heartily conceded 
by all who are acquainted with the subject; but the urgent 
necessitv for a clas>j;ification which will accord with more 
recent knowledge and pn^sent terminology is well recognized 
by all geologists who have worked or who expect to work in 
Kentuekv remons where Silurian or Devonian rocks form the 
substructure of the ground. The usefulness of a correct classi- 
fication of our rocks — the bearing it has upon the study of the 
ec(momic geology of the State — has been discussed in my 
Report of Progress for 1904-'05. The numerous sections and 
page maps, showing the distribution of various members of the 
formations, will prove of much value in connection with the 
preparation of the soil map of the State. Professor Foerste 
has taken pains to give full lists of fossils which characterize 
the more important beds, thus rendering his report of especial 
service to local investigators. 

Part TI. deals with the economic values of the formations 

(') 
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under consideratiou. In this section is dis<-ussed, among other 
subjects, the availability of Devonian and Silurian clays and 
limestones for the manufacture of cements. A good foundation 
is here laid for the technological investigations that are to 
follow in due course. 

In Part III. are given descriptions, with plates, of some 
of the fossils that characterize the principal Silurian beds 
referred to in the preceding parts of the report. The local 
worker will find this a very useful feature of the bulletin, since 
it will enable him to discriminate individual beds of the forma- 
tion, and teachers in the advanced s<hools of the State will 
find it helpful in their work. 

Very respectfully, 

C. J. Norwood, 
State Geologist. 



Addendum. 

This report was prepare<l for publication in 1005, but vari- 
ous causes have delaye<l its passage through the press. This 
has not been altogether unfortunate, since it has enabled Pro- 
fessor Foerste to include notes on some observations made in 
190G, the date which the title page now l)ears. 



Letter of Submittal. 



Professor Charles J. Norwood, 

Director^ Kentucky Gcoloyical Harvey. 

Sir: I have the honor to submit herewith a report on the 
Silurian and Devonian formations of East-central Kentucky, 
with an account of the economic availability of their clays and 
limestones. To this is added a brief discussion of the Irvine for- 
nmtion, which includes the extensive clay deposits used for the 
nmnufacture of pottery at Waco and I3ybeetown or Portwood, 
in Madison county. The report is of necessity merely prelim- 
inary to further investigations, since the field work of the last 
season has left many questions of strati graphic and economic in- 
terest unanswered. In the investigation of the Red river area 
I was materially assisted by John Goff, a resident at Indian 
Fields. 

Respectfully, 

Aro. F. FoERSTE, 

Assistant Geologist. 
Dayton, Ohio, Nov. 1, 1005. 
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KENTUCKY GEOLOGICAL SURVEY. 11 



THE CHIEF DIVISIONS OF THE PALEOZOIC ROCKS 

OF KENTUCKY. 



The superficial soils, clays, sauds, and gravels of Kentucky 
are underlaid chiefly by Paleozoic rocks. Tertiary strata occur 
in the western part of the State, west of the T(»nnessee river. 
The Irvine clays, sands, and gravels of Powell, Estill, Clark, 
Madison, (larrard, and Lincoln counties have been referred pro- 
visionally to the Neocene, the upper half of the Tertiary. Sim- 
ilar local deposits of Tertiary age may occur elsewhere in the 
State, but in general it may be said that all of the more solid 
rocks of Kentucky, with thcMr interbedded clays and shales, are 
of Paleozoic age. These Paleozoic rocks are classified under 
the following divisions, named in descending order: 

Pexnsylvaniax, including, in descending order: 

2. The Coal Pleasures. 

1. The Conglomerate Measures (or Pottsville). 

MississiPPLVN, or Lower Carlxiniferous, including, in descend- 
ing order: 

3. Shales, sandstones, and limestones corresponding to the 
Chester, etc. 

2. Limestones, including St. (lenevieve, St. Louis, etc. 

1. The AVaverly formation, using this name in the sense 
employed by former reports of the* Ohio and Kentucky 
Surveys, and not as originally defined by Prof. C. 
Briggs, Jr. (First Annual Rt-port of the Cfcological 
Survey of Ohio, 1838, page 80.) 

Devonian, including, in descending order: 

2. The Devonian Black Shale, known on the eastern side 
of the Cincinnati geanticline as the Ohio shale, and on 
the western side as the New Albanv shale. The United 
States Geological Survey has utilized the name Chatta- 
nooga shale for exposures of thisshale in Eastern Ken- 
tucky, as far north as Clark countv. 
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1. The Devouian limej^tiiues. lu Ohio these limestones 
include, in descending order: 

e. The Delaware limestone. 

h. The Columbus limestone. 

a. A comparatively unfossiliferous section of lime- 
stone, for which no distinctive name has been pro- 
posed as yet. 

For these three Devonian limestones of Ohio the name 
Scioto limestone would be very appropriate. Since the 
exact equivalency of the Devonian limestones of east- 
central Kentuckv has not vet bi^en determined, the name 
Boyle limestone will be used for the hitter provisiou- 
allv, because some of the thickest sections of Devonian 

«. 7 

limestone in Kentuckv occur in Bovie countv, and in 
the immediately adjacent counties. 

Silurian, equivalent only to the I'pper Silurian of former re- 
ports of the Kentucky Sun'ey. Jncludinji:, in descending 
order: 

2. The Monroe formation, including the Greenfield lime- 
stone of Ohio and adjacent parts of Kentucky. 

1. The Niagaran series of rocks, including, in descend- 
ing order: 

6. The Crab Orchard division of the Niagaran, con- 
sisting chiefly of clays; referred to the Niagara 
group in former reports of the Kentucky Suney. 

a. The Brassfield limestone; referred to the Clinton 
group in former reports of the Kentucky Surv(\v. 

Ordovician, equivalent only to the liower Silurian of former 
reports of the Kentucky Survey. Including, in descending 
order: 

2. The Cincinnatian series of rocks; referred to the Hud- 
son River group in former reports of the Kentucky Sur- 
vey. These include: 

d. The Richmond formation. 

c. The Jfaysville formation, approximately equiva- 
lent to the Lorraine of Now York. 

5. The Eden formation, including, at the base, strata 
equivalent to the Utica of New York; and 
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a. The Cynthiaua formation, including the lower 
half of the Winchester limestone as originally de- 
fined by Marias K. Campbell. 
1. The Jessamine series, corresponding approximately to 
the Mohawkian rocks of New Vork. This includes: 

h. The Lexington formation, corresponding to the 
Trenton rocks of former reports of the Kentucky 
Survey; and 

a. The High Bridge formation, belonging to the 
Stones IJiver group of Tennessee, and including 
the rocks identified as Birdseye and Chazy in 
former reports of the K?.»ntucky Survey. 

In the preceding classification no attempt has been made 
to indicate in any manner th(» relative importance cf the vari- 
ous divisions and subdivisions. The chief aim has been merely 
to indicate their relative order of succession. 

If the superficial soils, clays, sands, and gravels of Ken- 
tucky were removcnl, the Pennsylvanian and Mississippian, col- 
lectivelv called the Carlxmiferous formations, would form bv 
far the greater part of tlie surface of the State; according to 
estimate, about 70 per cent. Next in importance, as far as 
the area cf exposure is concerned, would be the Ordovician, 
covering alK)ut 20 per cent, of the surface. Most restricted of 
all would be the areas of exposure of the Devcmian and Silurian 
rocks, which, together, would form only between 3 and 4 per 
cent, of the total area of the State. 

By far the great(»r part of the Devonian exposures of Ken- 
tucky consist of the Devonian black shale. The area of outcrop 
of the Devonian limestone is too narrow to be represented ac- 
curately on a map of ordinary size. On this account the United 
States (leological Survey has not attempted to distinguish be- 
tween the 'D(»v()nian limestone and the Silurian formations in 
Madison and adjacent counties (Richmond folio, No. 46, 1898), 
but has mapped them together under the name Panolo forma- 
tion. Th(» rocks identified with the Richmond formation in 
this Richmond folio include not only the Richmond formation 
as originally defined by E. O. Ulrich (including, in descending 
order, the Saluda, Versailles, Waynesville, and Amheim beds), 
but also almost all of the Mavsville formation, omitting onlv 
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the Mount Hope bed, at the base. The Garrard sandstone of 
the Kichniond folio includes the Mount Hope bed at the base 
of the Maysville formation, and the upper division of the Eden 
beds. The Winchester limestone of the Kichmond folio includes 
the Middle and Lower Eden beds and aH of the Cvnthiana 
formation. 

In Ohio, the upper i>art of the Cvnthiana division was called 
by Prof. Orton the Point f^leasant Ix^l. 

Ulrich, Bassler, and others have drawn the line of separa- 
tion between the Cincinnatian and underlvingr series of rocks 
at the Iwse of tlie Eden formation, beneath the Fulton layer 
with its Triarthrus becki fauna. In the classification here pre- 
sentc^d the line is placed at the base of the Cynthiana fonnation, 
in deference to the opinions of Mr. John M. Nickles, who re- 
cently has investijjated the Cynthiana or Ixiwer Winchester 
formation for the Kentucky Survey. (Bulletin No. 5.) 



The Minor Subdivisions Adopted in this Report. 



MISSISSIPPI AN. 



In Ohio, the followinji: subdivisions of the* Mississippian have 
been adoptcnl, named in descending order: 

g. Maxville limestone, 

/. Lojjjan formation, 

e. Black Hand formation, 

d. Cuyahoga formation, 

c. Sunbury shale, 

6. Berea ji:rit, 

a. Bedford shale. 

No attempt has lu»en made as yet to trace any of these for- 
mations to anv considerable distance southward from the Ohio 
river. It is not known whether the considerable Inidv of soft 

clavs at the base of the Waverlv formation of Kentuckv is ex- 

* . • 

actlv conterminous with the Bedford shale of Ohio. On this ac- 
count the name Linietta clay was adopted, provisionally, from a 



KENTUCKY GEOLOGICAL SURVEY. 15 

famous exposure at the Linietta fcjprings, southwest of Junction 
City, in Boyle county, Kentucky, before its identity with the 
New Providence shale of southern Indiana was ascertained. 

Phosphatic nodules often are very abundant at the base of 
these clays and form a very characterij?tic horizon. 

DEVONIAN. 

In northern Ohio, the Devonian Black shale or Ohio shale 
has been divided, in descending order, into 

e. The Cleveland shale, 

6. The Chagrin formation, and 

a. The Huron shale. 

It is not known whether anv of these subdivisions can be 
identified in Kentucky. Possibly the gigantic fish remains 
found in the Devonian Black shale east of Indian Fields, in 
Clark county, may eventually shed light on this question. 

In Indiana, the Devonian limestones have been divided by 
Edward M. Kindle into three divisions, in descending order: 

r. Th(» Sell(*rsburg In^ds, 

h. The Jeffersonvilh* IhhIs, and 

(L The Geneva limestone. 

Of these, the JefTersonville limestone corresponds approxi- 
mately to the Columbus limestone of Ohio, while the Oeneva 
limcFitone appears to occupy about the same position strati- 
graphically as the comparatively unfr^.ssiliferous section below 
the Columbus limestone, in Ohio. 

The Sellersburg fauna has not been traced south of a rail- 
road cut, a quarter of a mile south of Ruber, sixteen miles 
south of the Ohio river at Louisville. In Ohio, the Delaware 
limestone has not been traced south of Columbus. The De- 
vonian lim(»stones of central Kentucky appear to be closely 
related to the Columbus limestone of Ohio and the Jeflferson- 
ville limestone of Indiana. In Indiana, the Geneva limestone 
appears to thin out southward l)efore reaching the Ohio river. 
The Devonian limestones of Ohio are separated from the De- 
vonian limestones of Kentuckv by a broad area along the Ohio 
river, in which no Devonian limestones are known. Hence it 
is impossible to trace the divisions established in Ohio south- 
ward into Kentucky by stratigraphical means. Under these 
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circumstances, it, obviously, is impossiJjJe to determine whether 
any of the less fossil if eroui;^ beds at the base of the Devonian 
limestone section in Kentucky correspond to the comparatively 
unfossiliferous part at the base of the Devonian in Ohio, or not. 

Several layers, apparently belonging to the Devonian lime- 
stone section of central Kentucky, deserve special consideration. 
One of these is a layer at the top of the section which freijuently 
has a somewhat brecciated appearance. This appearance Is be- 
lieved to be due to pressure and to incipient yielding of rock 
without actual dislocations of the particles. Figures 2A and 
215 (m plate 8 give a very fair idea of the appearance of this 
rock when freshly broken. It is well exposed along the rail- 
road cut, half a mile north of Junction City, in Boyle county, 
Kentucky, ani it, therefore, has been called the IJuffui rock or 
limestone. 

Another interesting layer occurs at the l)ase of the Devonian 
limestone section. It usually is strongly argillaceous, and fre- 
(juently contains coarse sandy particles, some of which are 
black and nodular in character. This laver often is li^s than 
four inches in thickness, but frequently contains fish remains, 
including teeth and plates. In former reports of the Kentucky 
Survev, this laver was identified as Oriskanv. It is well ex- 
posed along the railroad west of Preston, in Bath county; north 
of Berea, along the railroad, in Madison county; and at various 
localities near Indian Fields, in Clark countv. The onlv avail- 
able name for this rock appears to be Kiddrillc bed or layir, 
deriveil from a small hamlet, about a mile north of Indian 
Fields, near which a number of exposures occur, along the 
banks of Lulbegrud creek. 

At several local itiessinear Junction City, Crab Orchard, and 
elsewhere, the peculiar organism believed to Ik* a worm boring, 
known as Taonurus caudagalli, is found in the lower, less fossil- 
iferous part of the I)(»vonian limestone section. It has not yet 
been determined whether this organism indicates any particular 
horizon in the Devonian limestone section. At present this 
appears to be the case, notwithstanding the fact that the same 
borings occur in great numbers also at varicms horizons in the 
Waverlv section. 
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SILUWAX. 

In Ohio, the Niagaran division of the Silurian has been 
divided into the followinji: subdivisions, named in descending 
order : 

/. Hillsboro sandstone, 

e. Cedarville limestone, 

(1. Springfield limestone, 

c, AVest Union limestone, 

&. A formation identified with the Niagara shales of New 
York, usually with a persistent layer of limestone 
at the base, known as the Dayton limestone. Al- 
though these so-called shales consist of a consider- 
able thickness of soft clays or clay shales in the 
southern part of the State, farther north and north- 
west, toward Xenia, Dayton, and Eaton, these clays 
are replaced by a much smaller section of thin lime- 
limestones separated by partings of clay. 

a. A limestone formation identified with the Clinton of 
New York. 

In southern Indiana, the following subdivisions of the Niag- 
aran are recognized: 

e. Louisville limestone, 

d. Waldron clay, 

c. Laurel limestone, 
h. Osgood clay, with some lime.«tone, 
a. A limestone formation ideniificd with tlie Clinton of 
New York. 

These subdivisions mav be traced from southern Indiana 
southward as far as Raywick, in Marion county. No Niaganin 
exposures occur between Raywick and Stanford, in Lincoln coun- 
ty. Northeast of Stanford, along the eastern side of the Cincin- 
nati geanticline in Kentucky, the Niagaran consists chiefly of 
limestones near the base, overlaid by a section of strata consist- 
ing chieflv of clav. The more continuous section of limestones 
at the base of the Niasraran have beea identified in former re- 
ports of the Kentucky Sur\^ey with the Clinton of New York. 
Tlie overlying clays are a southern continuation of the great 
mass of clays and clay shales in southern Ohio which have been 
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identified with the Xiaj:;ara shales of New York, now knowm as 
the Rochester shales. The southern extension of these clays, in 
central Kentucky, were appropriately named the Crab Orchard 
shales, although this tenn was not defined with sufficient accur- 
acy to determine what laver tlie author intended should form 
the base of these shales. As far as mav be determined from the 
evidence at hand, these Crab Orchard clay shales correspond 
stratigraphically to the southern extension of the Osgood clay 
shales, on the western side of the Cincinnati geanticline. 

For the more continuous limestone section, at the base of 
the Niagaran division of thci Silurian, hitherto identified with 
the Clinton of New York, the name Brassfield limestone is pro- 
posed. The term Crab Orchard shales has been redefined, and, 
for purposes of more exact study, the following subdivisions 
have been proposed, named in descending order: 

{EbUU clay. 
Waco limestone. 
Lulbegrud clay. 

Indian Fields formation i ^^^^"""^ limestone. 

i Plum creek clay. 

) Brassfield limestone. 



Crab Orchard division -> 



L 



Where the Waco limestone horizon can not be distinguished 
the name Flades clay may be used so as to include both the 
Waco and Estill horizons. 

Special consideration of the various divisions and subdi- 
visions of the Niagaran of east^central Kentucky is deferred 
to a later part of this bulletin. 

CINCINNATIAN. 

The Cincinnatian formations of Ohio, Indiana, and Ken- 
tucky include great thicknesses of rock, shale, and clay, 80 that, 
in order to designate with greater exactness the location of in- 
dividual layers or of the smaller sets of lavers which for anv 
reason may be of special interest, it has been found necessary to 
divide the groups already mentioned into still smaller sabdi- 
\isions, named in the following list in descending order: 
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Richmond formation 



Maysville formation 



Eden formation 



Cynlliiana formation 



i 



Saluda bed. 

Versailles bed \ Whitewater division. 

( Liberty division. 
Waynesville bed. 



Arnheim bed. 
Mount Auburn- bedr 
Corryville bed. 
Bellevue bed. 

Fairmount bed, including Tate layer in up- 
per half. 
Mount Hope bed. 



I 



Paint Lick bed, or Upper Eden. 

Minion bed \ ^'"''''^ E'^^"- 

i Lower Eden. 

Fulton, or Triarthrus becki layer. 

Point Pleasant bed. 
Greendale bed. 



Of these formations, only the upper or liichmond forma- 
tion will be of interest in connection with the present bulletin, 
since this is the formation upon which the Silurian formations 
rest. 



THK C'LNCINNATI (JE.VXTICLINE. 

When rocks are traversed bv lonji; cracks and the strata on 
opposite sides of the crack are displaced by slipping, so that 
corresponding layers no longer are opposite to each other, they 
are said to hi' faulted, and the cracks are known as faults. Some- 
times the displacement along these faults is of considerable di- 
mensions, the layers on one* side of the crack being found more 
than a thousand feet above or Inflow the corresponding layers 
on the other side. Vertical displacements of these dimensions 
do not occur in central Kentucky, but several faults with dis- 
placements between 100 and 300 feet are known to exist, and 
some of these faults mav Ix* traced for a considerable distance* 
across the State. One of these, known as the Kentuckv River 
Fault, mav Ix^ traced for a distance of fortv mil(»s a little south 
of west, across the southern ends of Clark and Jessamine coun- 
ties. Another fault parses across the southern part of Garrard 
county, five miles south of the railroad passing through Paint 
Lick, and crosses Lincoln county south of Stanford and north 
of McKinnev, in a direction also souHi of west. Other faults 

•■ 7 
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follow very different directions. One of these, five miles east 
of Richmond, has a southeasterly direction. 

In addition to fault*;, the rocks of the State are traversed 

also bv various folds. Some of these are local. Others can be 

•J 

traced for long distances. Sometimes the folds and faults cross 
each other, so that the same area may be affected by more than 
one series of folds and faults. 

Among the folds, one is preeminently dominant, since it af- 
fects the rocks of almost the entire State, extending northward 
into Ohio and Indiana, and southward to the southern boundar- 
ies of Tennessee. It is known as the Cincinnati geanticlint*. 
The crest or axis of this fold enters Kentucky from Ohio, east 
of Cincinnati, near the line lK^tw(*en Pendleton and Bracken 
counties, and, traversing the State in a diagtmal direction, en- 
ters Tennessee south of Rurksville. From this crest or axis 
the rocks dip eastward, as far as the eastern margin of the 
State, and westward as far, at least, as Daviess, McLean, and 
Muhlenberg counties. On the eastern side of the crest, the 
n)cks dip southeast toward Virginia. In the more northern 
parts of the State, west of the crest, the rocks dip westwanl, 
toward the southern part of Illinois. In the more southern 
parts of the State, possibly owing to a subsidiary line of folding 
whose axis ext(*nds in an east and west direction, the dips on 
the western side of the geanticline appear to swing around to- 
ward the northwest. Comparatively little accurate gcH)logical 
work has been done in this southwestern area as yet, but it is 
known that the western part of the State is traversed by some 
considerable faults, and prol>ably by seme folds. 

A fold affecting rock over so wide a territory often is called 
a geanticline, in order to distinguish it from folds of much 
smaller dimensions, which receive the much more commonly 
used name of anticlines. In Ohio, this geanticline is known 
as the Cincinnati geanticline, Cincinnati being the most prom- 
inent citv anv where near the crest of the fold. 

The crest or axis of the Cincinnati geanticline does not main- 
tain the same general elevation along its entire length. It« 
greatest elevation, in Kentucky, appears to be south of Nicholas- 
\ille, in Jessamine county. From this area the axis of the fold 
gradually sinks both toward the north and the south. It is 
estimated that from Lexington to the northeastern corner of 
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Pendleton county, on the Ohio river, the dip of the top of the 
Lexington limestone is almost 475 feet, an average dip of six 
feet per mile. From Nicholasville southward to Junction City, 
the dip is estimated at approximately 400 feet, a dip of almost 
seventeen feet per mile*. From Juncti m City southward to the 
Cumberland river, the dip probably exceeds 250 feet, an average 
of about five feet per mile. Southward, from the Cumberland 
river toward Kutherford county, in central Tennessee, the con- 
tinuation of the axis of the Cincinnati geanticline rises more 
than 700 feet. 

Owing to the relatively low elevation of the axis of the Cin- 
cinnati geanticline in southern Kentucky, the fold has been 
regarded, at times, as made up of two domes, to the northern of 
which Prof. Arthur 31. Miller has given the name Jessamine 
dome, while the southern culmination of the axis has been 
called the Rutherford dome. It should be remembered, however, 
that the structure in reality is that of a geanticline, and that 
the so-called domes are merely the areas of highest elevation 
along the axis of folding. 

The dip, of course, is much greater down the sides of the 
geanticline than along its axis. Prof. Arthur M. Miller has 
shown that the elevation of the top of the Lexington limestone 
near Brannon Station, in Jessamine county, is 1,050 feet above 
sea level, while near Drennon Springs, toward the mouth of 
the Kentucky river, it is 430 feet, a drop of 620 feet in fifty 
miles, or a dip of 12.4 feet per mile. If these measurements 
had been made directlv down the flanks of the anticline, a much 
greater dip would have been shown. It has been estimated, for 
instance, that from Lexington to Louisville, a distance of sev- 
enty miles, the dip is more than 1,500 feet, by far the greater 
part of this dip, 1,300 feet, occurring between Lawrenceburg 
and Louisville, a distance of fifty mil«?s, or a dip of twenty-six 
feet per mile. In the same manner the dip from Lexington to 
Irvine, a distance of about thirty-six miles, has been estimated 
at fully 1,000 feet, a dip of twenty-eight feet per mile. These 
dips of twenty-six and twenty-eight feet per mile down the 
sides of the geanticline certainly are in great contrast with 
those along the crest of the fold, the dip from Lexington to the 
northeastern corner of Pendleton county being only six feet 
per mile, and that from Junction City to the Cumberland river, 
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five feet per mile. The considerable dip of seventeen feet per 
mile in the relativelv short distance between Nicholasville and 
Junction City unquestionably has some connection with the 
line of faulting extending along the Kentucky river and with 
other minor faults not yet carefullj^ investigated. The general 
effect of this faulting has been to place the strata south of 
Jessamine and Mercer counties at a considerablv lower eleva- 
tion than the corresponding strata north of the same. It prob- 
ably is faulting rather than dip which accounts for the rapid 
sinking of the axis between Nicholasville and Junction City. 
The total lowering of the axis betwe<'n Nicholasville and the 
Cumberland river is only nine feet per mile. Even the faults 
along the flanks of the geanticline appear to -be of such a char- 
acter as to leave the strata toward the crest of the geanticline 
at relativelv higher elevations. Verv ;Vw of these faults have 
been studied with anv d(»gree of care. In case of manv of the 
minor folds not even the directions of the axes have been de- 
termined. Under these circumstances the more exact structure 
of the Cincinnati geanticline, in Kentucky, may be said to be 
still comparativ(»ly unknown. 



Areas of Exposure of the Paleozoic Rocks of E^itucky. 



If a considerable number of leaves )f a book were moderatelv 
folded lengthwise, and then placed approximatc^ly horizontally 
upon a table, the axis of the fold wcmld extend from the top to 
the bottom of the page, and from this axis the leaves would dip 
both to the right and the left. In this position, to an observer 
looking vertically downward, only the surface of the uppermost 
l(»af would be visible. If, however, a number of incisions were 
made with a ix'uknift*, by roughly cutting through the upper- 
most leaves, the lower leaves would be exposed along the mar- 
gins and lower parts of these cuts. In this state, the book 
would illustrate readily what would result if a series of ap- 
proximately horizontal rock layers wer;» gently fold(Hl and raised 
al)Ove th(» level of the s(*a. At first only the uppermost layers of 
rock would \w exposed, but in the cou»'S(» of tim(% after streams 
and rivers had cut valleys into rocks, some of the underlying 
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layers also would become visible. The oldest rocks would be 
exposed along the bottom of the deepest valleys. 

In the cases of streams cutting their channels transversely 
across the entire width of the fold, the lowest strata would bo 
reached at the bottom of the channels in that part of their course 
which was directly beneath the crest of the fold. For in- 
stance, the lowest strata exposed in the State of Kentucky are 
found at the bottom of the gorge of the Kentucky river, near 
Camp Nelson, in the southern part of Jess^amine county. The 
lowest strata exposed along the Licking river are exposed at 
the bottom of the channel somewhere between Falmouth and 
the mouth of North Fork. The lowest strata exposed along 
the Ohio river are seen east of Moscow. Both up and down 
stream from these localities, successively overlying beds are 
exposed at the river's edge. (See map opposite title page.) 

If, now, with a sharp knife held horizontally, a considerable 
portion of the upper part of the fold formed by the leaves of 
the book were cut away, the lowest leaves would be exposed for 
considerable distances along the axis of the fold, directly be- 
neath its former crest, and the overlying leaves would be found 
on each side of the fold, at successively greater distances from 
its axis. In this state, the book would readily illustrate what 
would result if the upper parts of a fold were removed by 
weathering, especially if the part remaining were reduced to a 
comparatively level, or only moderately undulating, plain. 
Those strata which belong lowest in the series would be exposed 
along that part of the surface which lay directly beneath the 
former crest of the fold,* and relatively overlying strata would 
come to the surface at approximately the same elevations, but 
at a greater distance from the former crest of the fold. The 
outcrops of the strata would form bands approximately parallel 
to the length of the fold, with the relatively lowest rocks form- 
ing the central band, and the overlying rocks occurring on both 
sides, but at successively greater distances from this band. In 
the case of folds whose flanks still show a considerable elevation 
above the surrounding country, the anticline structure may be 
recognized readily without the assistance of any considerable 
geological study. But in the case of folds which have been re- 
duced by weathering to a comparatively level plain, the earliest 
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clue to the anticline structure may be offered by the peculiar 
symmetrical arrangement of the strata, in long bands on op- 
posite sides of the fold, the oldest strata along the middle of the 
fold, following the crejjt, the more recent strata on either side 
at successively greater distances from the axis. 

If the original crest of the fold hud varied considerably in 
altitude, rising at some points to considerable heights, and dip- 
ping thence for considerable distances toward both ends of the 
fold, the lines of outcrop of the various strata would have been 
more nearly oval or oblong. The oldest strata would be ex- 
posed in a central area underlying that part of the original 
crest of the fold which had attained the greatest elevation, and 
around this central area the relativelv overlving beds would 
be arranged in successively more distant oval or oblong bands. 
This is the structure characterizing Kentucky and the adjacent 
parts of Ohio and Indiana. 

The oldest rocks of the State, the High Bridge and I^exing- 
ton formations, form a central area occupying the Bluegrass 
region of Kentucky, including the territory between Frankfort, 
Georgetown, Paris, Winchester, Nicholasville, Danville, Har- 
rodsburg, and a considerable part of the immediately surround- 
ing country. Surrounding this central area is the great iKind of 
(Mncinnatian rocks, whose outer boundaries reach Bardstown 
and Lagrange, Kentucky; Madison, Versailles, Connersville, and 
Richmond, in Indiana; Eaton, Dayton, Xenia, Wilmington, and 
Sardinia, in Ohio; and Maysville, Owingsville, Richmond, and 
Stanford, in eastern Kentucky. It will be noticed that this 
band widens enormously on the nortJ)ern and northwestern sides 
of the central area, occupied by the High Bridge and Lexington 
series. The general anni of outcrop of these Ordovician strata, 
the High Bridge, Lexington, and Cincinnatian rocks, is shown 
on the map facing the title page of this bulletin. Here the 
area left in white representji the area of outcrop of the Ordo- 
vician strata of Ohio, Indiana, and the north-central part of 
Kentucky, with the exception of that small part of the map 
which r(»presents the ccmntry south of Ohicago, Ijebanon, and 
Stanford, where the Ordovician rocks frequently are overlaid 
directlv bv Devonian strata. In the ar(*as covered bv the small 
dots, Silurian rocks occur, either exported at the surface, or cov- 
ered by Devonian and later formed strata. The general direc- 
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tion followed by the axis of the Cincinnati geanticline in Ken- 
tucky is indicated by the legend printed across the lower part 
of the map. The dotted line, extending from that point on the 
map marked Chicago to Frankfort, Boyd, Paris, Lancaster, and 
Stanford, is not intended to limit the axis of the fold, but to in- 
dicate that part of the State in which it is believed that the De- 
vonian formerly rested directly upon the Ordovician, the Xiag- 
ran strata being absent Since the delimitation of this area, 
north of Chicago, Lebanon, and Stanford, is merely theoretical 
and not based upon a sufficient number of verified data, this 
feature of the map is offered rather as an interesting sugges- 
tion, than as a well established fact. 

In Kentucky, the Silurian formations form a narrow band 
lK)rdering the exterior edge of the Ordovician area. From Stan- 
ford this band extends northward to the Ohio river at a point 
fully ten miles east of Maysville; thence it continues into Ohio 
to a point about fifteen miles west of Columbus, widening rap- 
idly north of the Ohio river. North of Eaton, Dayton, and the 
point west of Columbus, the Silurian covers almost the entire 
western section of the State, as far north as Toledo and San- 
dusky, with the exception of the extreme northwestern corner 
of the State, and several small areas east of Bellefontaine. 
Westward, the Silurian may be traced across the northern part 
of Indiana to Illinois and Wisconsin. Farther south, in In- 
diana, the western line of exposure extends from Peru to Koko- 
mo, Noblesville, Rushville, Greensburg, and Madison. It 
crosses the Ohio river at Louisville, and from this point Silur- 
ian strata mav be traced ob far south as Ravwick, west of I^b- 
anon, Kentucky. Bi^tween the exposures several miles east of 
rjaywick and those three miles south of Stanford, the Silurian 
formations are absent, the Devonian '^trata, when present, rest- 
ing directly upon the Ordovician. 

The Devonian formations, in Kentucky, form narrow bands 
similar to those of the Silurian just described, but across the 
south-central part of the State, between Kaywick, Lebanon, and 
Stanford, the line of outcrop practically is continuous. From 
Stanford, the band of Devonian rocks extends northward to 
Vanceburg, Kentucky, to Columbus anl Rucyrus, Ohio, reaching 
Lake Erie at Huron and Vermillion. Throughout this entire 
lenjrth it remains a remarkably narrow and characteristic band. 
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easily recognized, and has formed one of the mo«t valuable hori- 
zon markers for the geologist. 

North of Raywick, the Devonian formations may be traced 
to Louisville, and thence to Columbus, Indianapolis, and Lafay- 
ette, to Ilensselaer, in the northwestern part of the State of 
Indiana. Here again it forms a very characteristic band, al- 
though broader than in the State of Ohio. 

At distances still more remote from the area of outcroji of 
Ordovician strata occur first the Mississippian strata, and then 
the Pennsylvanian formations, or Coal Measures. 

The special field of investigation covered, in a preliminary 
manner, by this bulletin, is the distribution and stratigraphicai 
arrangement of the Silurian clays along the eastern side of the 
Cincinnati geanticline, in Kentucky. Since it was impossible*, 
in the brief time devoted to field work, to examine thoroughly 
all parts of this territory, attention was confined chiefly to 
that part of the band of Silurian rocks lying between Stanford 
and Owingsville, and more especially to that part of this area 
lying between Moberly, Panola, Irvine, Clay City, and Indian 
Fields. The extension of the stratigraphy worked out in this 
more limited area to the entire area between Stanford and Ow- 
ingsville has been attended with some difficulties which have not 
been fully concjuered. The solution of the various problems in- 
volved must depend upon future field work. Advantage was 
taken, however, of the numerous notes accumulating during 
this preliminary surv'ey, to give all information available re- 
garding the limestones, accompanying the Silurian clays, the 
Devonian limestones overlying the Silurian formations, and 
such other information as was thought might prove of interest 
at this early stage of progress of the Suney. 
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The Classification of Silurian Rocks of East-Central 

Kentucky. 



TAHLE OF FOUMATIOXS. 



Crab Orchard division 
of Silurian 



f Estill clay. 
Waco limestone. 
Lulbegrud clay. 

Oldham limestone. 
Plum creek clay. 

Brassfield formation j Brassfield limestone. 



" Alger formation -■ 



Indian Fields formation \ 



BRASSFIELD LIMESTONE. 

The typical exposure of the Brasstiold limestone occurs along 
the Louisville and Atlantic IJailroad, between Brassfield and 
Panola, in Madison county. Here the lower part of the lime- 
stone is exposed best near Panola, while the upper part is seen 
nearer Brassfield. An eciually good exposure is found about 
a mile and a half northwest of Indian Fields, west of Howard 
creek, along the Ijexington and Eastern Kailroad, in Clark 
county. 

The lower part of the Brassfield limestone usually consists 
of one or several rather thick and massive appearing layers, 
while the middle and upper part consist of more numerous, thin- 
ner-bedded layers; toward the top of the section these lime- 
stones often are interbedded with thin lavers of clay. (See 
Fig. 1. ) 

The massive layers, at the base, usually are unfossiliferous, 
even on close examination. They do not weather to as deep a 
rustv-vellowish-brown as the thinner lavers of the Brassfield 
limestone. Frequently they have a more argillaceous appear- 
ance than the thinner lavers, and their color, when freshlv ex- 
posed, is more bluish. On this account there was at first a dis- 
position to separate these more massive layers at the base of 
the BTassfield section from the more thinlv bedded limestones 
above, but further observations have not proven that they form 
a distinct series. It has been noticed that in some areas the 
total thickness of these massive lavers seems to varv consider- 



28 KENTUCKY GEOLOGICAL SURVEY. 

ably, while the thickness of the entire Brassfield section, in 
the same area, is fairly constant. In most cases only the lower 
part of the Brassfle/d limestone has a massiveiappearance, while 
in others annost the entire section has this massive character. 
From this the conclusion has been drawn that the conditions 
favoring the formation of massive beds were quite general at 
the beginning of the period of deposition of the Brassfield lime- 
stone, but that the changes favoring the formation of thinner 
beds entered different parts of the field at different times, so 
that massive beds continued to be formed at some localities, 
while thinner layers already were being formed at others. 

Between Brassfield and Panola, the total thickness of the 
massive layers is six feet. Northwest of Indian Fields, it is 
seven feet. Southeast of Bobtown, it is eight feet. Near Ham- 
mack, the massive layer varies between eight and nine feet, 
and forms practically the entire Brassfield section. East of 
College Hill, on the contrary, the ma^stsive layer is only sixteen 
inches thick, and the overlying part is well bedded. West of 
Crab Orchard, on the eastern side of Cedar creek, along the 
pike to Stanford, the massive layers have a thickness of four 
feet four inches; the overlying part, three feet four inches thick, 
is separable into a greater number of layers, but evidently cor- 
responds to the ujiper i>art of the massive section as exposed 
at Hammack, or at the Anderson locality, three and a half 
miles southeast of I^ncaster. In the same manner, at Crab 
Orchard, a mile and a half west of the railroad staticm, along 
the countv road, the massive limestone has a thickness of onlv 
two and on(*-half feet; a mile and a half farther west, along 
the same road, its thickness is two feet; while botw(»en these 
localities, on the western side of the eastern fork of Cedar 
creek, the Brassfield rock has a fairlv massive appearance for 
a total thickness of eight and one-half feet above the base. 
About four miles north of Berea, half a mile south of Whites 
Station, the massive layer at the base of the Brassfield lime- 
stone has a thickness of two feet, but the lower part of the im- 
mediately ovei lying thinner-be<lded layers evidently corresponds 
stratigraphically to the upper part of the more massive layers, 
as exposed southeast of Bobtown. 

As far as may be judged frcmi the massive appearance of 
these layers where they project from thv sides of ravines, th(»sf» 
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massive layers withstand the action of weathering well, and 
could be employed locally for building rock. However, owing 
to the moderate thickness of even the thickest exix>»^iire8, it 
would not pay to open extended quarries in this rock. 

The overlying parts of the Brassfield limestone are too thin- 
bedded and irregular to be of value for any purpose except 
crushed rock. In the lower part of this thin-bedded section, 
the limestone layers are likely to be separated by very thin 
layers of clay. In the upper part of the Briissfteld section, th(*se 
layers of clay are likely to be thicker, but not sufficiently to 
predominate over the limestones. Farther northward, from 
Montgomery county, in Kentucky, to Highland county, in Ohio, 
the relative quantity of clay in the upper part of the B'rassfirld 
section increases. Northwest of Highland county, however, 
clay occurs only at the very top of the Brassfield section, and 
at many localities is absent It is the upper, thinner-bedded 
part of the Brassfield limestone which is fossil if erous. Slost 
of the fossils occur near the top of the section. 

The greatest thickness of the Brassfield limestone, in the 
area under investigation, was recorded from the type locality, 
between Brassfield and Panola ( from eighteen to nineteen and 
one-half feet), and from the railroad cut a mile and a half north- 
west of Indian Fields (about nineteen feet). Alxmt four and 
a half miles northeast of Berea and a mile southeast of Bob- 
town, at the northern end of the Jackson hollow, its thickness 
is seventeen feet. About three and a half miles south of west 
from Clay City, nortli of Snow Creek church, the Brassfield 
limestone measures nearlv sixteen feet. However, in bv i?a; 
the greater part of the area betwwn Owingsville and Stanford, 
the thickness of the Brassfield limestcme does not exceed thir- 
teen feet, and often is less than this amount. 

The data so far accumulated do not warrant anv definite 
statements as to the relation between the variation in thick- 
ness of the Brassfield limestone and th'- distance of the various 
exposures from the crest of the Cincinnati geanticline. How- 
ever, the following variation in thickness was noticed. South- 
oast of Bobtown the Brassfield limestone is seventeen feet thi(*k. 
Southeast of Brassfield, it is nineteen feet thick. West of the 
first mentioned local itv, the sections examined so far measure 
thirteen feet or less, and north of the .second local itv the record- 
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ed thicknesses do not exceinl thirteen or fourteen feet. These 
facts sugj^est that in this area the Brassfield limestone possi- 
bly becomes thinner toward the nortlnvest. Several other, 
isolated, observations favor this view. One of these is the small 
thickness of the Brassfield section (nine feet) at a locality three 
and a half miles southeast of Lancaster, on the road to Ham- 
mack. Another, is the small thickness (ten feet) seven miles 
stmthwest of Indian Fields, and a mile north of Merritt, at the 
Simpson Brock locality. However, the considerable thickness 
(sixteen to nineteen feet) of the Brassfield limestone along 
the long line between Plum creek, southwest of Clay City, and 
the exposures along the railroad northwest of Indian Fields, 
suggest that possibly any attempt to generalize regarding the 
relations between the variations in thickness of the Brassfield 
limestone and the relative distance of the various exposures 
from the crest of the Cincinnati geanticline is premature. A 
great part of these variations may be quite irregular and local. 

FAUNA OF THE HRASSFIELD LIMESTONE. 

The Brassfield limestone of east-central Kentucky contains 
the southern extension of the fauna characteristic of the lime- 
stone section which in Ohio and Indiana has been identified 
as Clinton. 

Along the railroad between Brassfield and Panola the fol- 
lowing species were found in the upper part of the Brassfield 
limestone, between two and five fei»t below the Mhitfieldella 
horizon, which forms the upper boundary of the Bt^assfield sec- 
tion: 

Ca hi mmene rof/dcsi , 
Ctjcloncma daytoticnsis, 
Rhi/nchotretua scohina^ 
Leptarna rhomhoidalis, 
Pleciamhoniics transrrrsalis, 
Platf/strophia reversata, 
Dalwanrlla rlrgantula, 
Rhinopora f random, 
Aspidopora parmula, 
Ct/athophi/Ilum cah/cuhim. 
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Almost directly east of the home of James F. Harris, north 
of Irvine, where the road crosses White Oak creek, almost at 
the level of the creek, the following species occur, just beneath 
the Whitfieldella horizon: 

Calymmene niagarensi^, 
Cyclonema daytoncnsis, 
Rhynchotrcma scobina, 
Leptaena rhomho'idalis, 
Plectamhonites transversalis, 
Dahnanclla elcgantula, 
Orthis flahelHtes, 
Rhinopora frondosa^ 
PhyUoporina angulata, 
Cyathophi/Ilum calyculum. 

Nearly a mile and a half northwest of Indian Fields, along 
the railroad, In a railroad cut, the following species were found 
between one and five feet below the Plum creek clav. The laver 
immediately beneath this clay containw large crinoid beads and 
a few specimens of the Whitfieldella characteristic of this 
horizon. 

Calymmene vogdesi, 
Cyclonema daytonensis, 
Rhynchoirema scohxna, 
Triplecia art on i, 
Orthothctes fissiplicata, 
Leptaena rhomhoidalis, 
Dalmanella clrgantula^ 
Phylloponna angulata, 
Rhinopora frondosa, 
Phacnopora crpansa, 
Zaphrcnti.s daytonensis, 
Cyaihoplnjlhun calyculum. 

Along the country road south of the railroad, two miles west 
of Crab Orchard, the following species were seen in the upper 
part of the Brassfleld bed, below the Whitfieldella horizon: 

Orthis flahelHtes, 
Platystrophia daytonensis, 
Leptaena rhomhoidalis, 
Zaphrentis daytonensis, 
Ci/athophyllum calyciilunK 
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At the Neal Creek church, three miles south of Stanford, 
the following species occur in the upper part of the Brassfleld 
limestone: 

Orthis flahellites, 
Dalmanella elvyantula, 
Strophotiella datjtonensis, 
Pachydictya bifurcata, 
Halt/sites cairn Hiatus, 
FaroHites tiiagarmsis, 
( Ujathophyllum calyculum. 

In the railroad cut almost three miles north of Berea, im 
mediately Ik^Iow the laver with lar^re crinoid bemads and occa- 
sioual specimens of WhitpcUlcUa, the following species occur: 

Orthothctcs cf. tenuis, 
Platystrophia daytonensis, 
Heliolitfs suhtubulata, 
Cyathophyllum ralyculum. 

Hcliolitcs suhtubulata occurs in the Brassfleld limestone 
also along the creek, scmthwest of the railroad station at Panola. 

East of JIoIktIv, at Elliston, the top of the Brassfleld lime- 
stone section contains: 

Oiihis flahellites, 
Leptaena rhomhoidalis, 
Cyathophylluni calyculum. 

South of Indian Fields, at Abbott's Mill, the upper part of 
the Brassfleld section contains: 

Rhinopora frnndosa, 
Zaphrentis daytonensis, 
Cya til oph yllu m ca lycu I u m . 

In the lower part of this section, the following species are 
found : 

Cyclonema daytonensis, 
Leptaena rhonihoidalis, 
Clatliropora frondosa. 

About seven miles southwest of Indian Fields, and a mile 
north of the old Simpson Brock pla^e, tlu» f(»llowing species 
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occur in the upper part of the Brassfleld limestone, just below 
the Whitfieldella layer: 

Dalmanella clcgantula, 
Rhinopora frondosa, 
Ptychophyllum ipomea, 
Cyathophyllum calyculum. 

A much greater fauna has been discovered in tha northern 
extension of the Brassfleld limeston(*, in Ohio and Indiana. 
Among the trilobites this fauna includctf : 

IllaenuH daytonensis, 

lllaenus amhiyiius, 

Illaenus madisonianus-elongatus^ 

lllaenus madisonianus-drpressus, 

Proetus dctaminatus, 

Cyphaspis clintoncnsis, 

Lichas (Platynotus) clintoncnfiis, 

Acidaspis (Odontopleura) ortoni, 

Encrinurus ornatus^ 

Calymmcnc voydcsi, 

Calymmrne niafjarensisy 

Ceraunis ( PscudosphaerexochuH) clintonensis. 

Deiphon pisinn, 

Phaeops pulchellus, 

Dalmanitcs (Odontochilc) iccrthncn. 

Among the brachiopoda, this fauna includes: 

Craniclla clintoncnsis, 

PleciumhoniicH iratiffiersaHs'tlryaniulHS, 

Plectamhonitcs prolongatus, 

Leptaena rhoniboidalis^ 

Strophonella daytonensis, 

Strophonrlla hanoverensxs, 

Orthothetrs daytoncnsis (^O. tenuis, Foerste), 

Orthis faheUHeSy 

Hehertella fausta, 

Hebertella daytonensxs, 

Platystrophia rerersata, 

Platystrophia daytonensis, 

Dalmanella elegantula^ 
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Rhipidomella hyhrida, 
Triplecia ortoni, 
WhitfiehlcUa sp,, 
Atrypa maryinalis, 
Camarotocchia scoh'ina, 
Camarotocchia conveaa, 
Parastroph ia sparsiplicata, 
Stricklandinia iriplcsiana. 

Among the bryozoans, the following are seen : 

Homotrypa conflucns, 
Aspidopora parmula, 
Lioclemclla ohioensis, 
Callopora magnopora^ 
Phylloporina angulata, 
Heniitrypa ulrichi, 

Ptilodictya whitficldi (=Pt. expansa, Hall; 12th Rep. 
Indiana Geol. Survey, plate 12, Figs. 2, 3; published 
in 1883; also Pt. expansa, Foerste, Bulletin, Lab. Den- 
ison Univ., Vol. II, plate 15, Fig. 5, published in 
1888. Not Paenopora expanha, Hall and Whitfield, 
Ohio Pal., Vol. II, plate 5, Fig. 1, published in 1875.) 

Pttlodxciya americana (—Pt. expansa, Foerste, in part; 

Bulletin, Lab. Denison Univ., Vol. II, i>age 15(J). 
Clathropora frondosa, 
Clathropora din tonensis, 
Phacnopora cxpansa ( — PtUodhiya plaiyphyUa, Janice; 

Pt. hipuuciata, Hall), 
Phacnopora finibriata, 
Phacnopora magna, 

Phacnopora icclshi ( = Ph. miiltifhla. Hall), 
Pachydicta hifurcata, 
Pachydicfya instahiUs^ 
Pachydictya craftsa, 
Pachydictya cmaciata, 
Trigonodictya catoncnnis, 
Rhinopora frondomt. 

These lists are sufficient to indicafe the Silurian oharaoter 
of the fauna found in the Rrassfield limestone of east-central 
Kentucky and in the nortliern extension of this limestone in 
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Ohio and Indiana. Compared with the Clinton of New York, 
the absence of the following brachiopoda is noteworthy: 

Stropheodonta profumla, 
Strophojiella ( fj pateniay 
Orthothetcs subplanus, 
Pentamcrus ohlongus, 
Barrandclla fornicata, 
Rhj/nchonella rohusta, 
Atrypa reticularis^ 
Spirifer radial us, 
Spirifer niayarensis, 
Spirifer oris pus-coral linen sis, 
HyatcUa congesta^ 
Anoplothcca hem is ph erica, 
Anoplolhcca plicatula. 

Among these species, Pentamerus ohlonyus makes its first 
appearance in the Dayton limestone, which immediately over- 
lies the northern extension of the Bras^field limestone in Ohio; 
Atrypa reticularis, Spirifer radiatns, and Spirifer niagarensis 
are seen, in Indiana, in the limestones which overlie the clay 
shales, there known as the Osgood clay. Alth'ough these lime- 
stone layers have been included in the Osgood formation, on 
account of an overlving, but much thinner, laver of clav occur- 
ring in some parts of that State, they might with equal pro- 
priety be considered as forming the base of the Laurel limestone 
section. 

The identification of the Brassfield limestone of Kentucky, 
and of its northern extension in Ohio and Indiana, in former 
years, with the Clinton limestone of New York, rests rather 
upon a somewhat similar facies of the two faunas, and upon 
the general absence of the more typical species of the Rochester 
shale fauna of New York in these limestones at the base of the 
Silurian in Ohio, Indiana, and Kentucky, than upon the pres- 
ence of any considerable number of species common to both 
areas. On closer inspection, the fauna of the Brassfield lime- 
stone of Ohio, Indiana, and Kentucky appears to differ suffi- 
ciently from the fauna of the Clinton limestone of New York 
to warrant the assumption of the presence of some sort of bar- 
rier between these two areas. 
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Whitfieldella Horizon. 

The fossils listed in the preceding section occur chiefly in 
the upper part of the Brassfield section, consisting of rather 
thin layers of limestone interbedded with a little clay. Immedi- 
ately above this section, there is a thicker and more sandy ap- 
pearing layer, usually about one foot thick, but occasionally 
equalling two feet. In this layer large crinoid beads, often half 
an inch in diameter, are common. Whitfieldella subquadrata 
(Plate 1, Fig. 3) also occurs in considerable abundance at some 
localities, and has a wide geographical distribution at this 
horizon in eastern Kentucky. When these species are not in- 
termingled, the WhitfieUUna usually occurs in the upper part 
of the sandy appearing layer, and the large crinoid beads are 
found either in the lower part of this layer or at the top of the 
immediately underlying rock. 

Owing to the porous nature of the sandy appearing layer, 
the specimens of Whitfieldella occur chiefly as casts, the shells 
having been dissolved and carried away in solution by perco- 
lating waters, leaving the impressions of the exterior form of 
the shell upon the surrounding rock, and often preserving the 
casts of the interiors of the shells in a re markable manner. The 
part usually noticed is that near the hinge line, because here 
the shell was thickest^ and the removal of the shell material 
left the greatest cavities, exposing beautifully the casts of the 
interior of the shell, especially of the deep muscular scar in 
the pedicle valve, and of the strong transverse ovarian ridges 
on each side. This portion of the cast of the interior of Whit- 
fieldella sitbquadrata frequently appears to have been identified 
as Atrypa reticularis, a fact which it is necessary to keep in 
mind in reading the literature of this part of the Silurian geol- 
ogy of Kentucky. While such an identification would be in- 
excusable at the present day, it should be remembered that some 
valuable work was done in former vears bv men who did not 
have the advantages in scientific training which now can be se- 
cured by all. As a matter of fact^ Atn/pa reticularis does not 
occur in the Whitfieldella layer. 

Associated with the large crinoid beads and the Whitfield- 
ella suhquadrata, is a small species of cyathophylloid coral, usu- 
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ally less than an inch in length, which has not been carefully 
studied, but which passes in these notes under the name Cy- 
athophyllum calycuUim. A species of Orthothetes occurs oc- 
casionally. 

The most northern locality at which \Vhitfieldella subquad- 
rata has been found in abundance is west of Slate creek, east 
of Spencer, in Montgomery ounty. The most northern locality 
at which it has been identified with certaintv is along the rail- 
road, about a mile west of Preston, in the southern part of Bath 
county. Southward it may be recognized, still at the same hori- 
zon, on Fishing creek, directly west of Somerset, and along 
the Cumberland river, in Pulaski and Wayne counties. Strati- 
graphically, therefore, the WhitfieldcUa suhquadraia layer is 
remarkably persistent. This makes it valuable as an horizon 
marker, especially in exposures of limited vertical extent. For 
instance, at the point a mile north of Irvine, where the road 
passing Estill Springs crosses White Oak creek, there is a small 
exposure, only four or five feet high, along the water's edge, on 
the west side of the creek. One of the la vers shows the sandv 
appearance and contains the large crinoid beads and the Mliit- 
fieldcUa. This at once indicates that the immediately underly- 
ing rock belongs to the Brassfield limestone section, a fact cor- 
roborated bv the discoverv of fossils characteristic of that hori- 
zon in this rock at the same locality. 

The most interesting filature of the Whifficldella suhquad- 
raia horizon, however, is not its extended distribution or its 
value as an horizon marker, but the evidence which it presents 
of some geographical change preceding its deposition. The 
coarser, sandy, more porous structure of the rock suggest that 
its materials were swept together bv stronger currents than 
those which brought in the sediments forming the underlying 
limestones. This evidence is corroborated by the presence of 
coarse l)edding, and occasionally even of cross bedding, at this 
horizon. The larg(» crinoid beads have the appearance of hav- 
ing been swept together by currents which caused the disinte- 
gration of the less compact structure of othcT remains of animal 
life. The coarse Whitficldrlla is one of the few fossils at all 
common at this horizon. Other remains freciuently show con- 
siderable rounding at the edges, suggesting that they were rolled 
by currents of water before reaching their final resting place. 
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The absence of a considerable part of ihe fauna characteristic 
of the Brassfield limestone in this Mhiifieldella layer, and the 
sudden introduction of the W hit fi tide I la subquadrata suggests 
the lapse of a sufficient interval of time to have permitted a 
shifting of faunas. The Whitfieldella horizon probably her- 
alds the introduction of a new fauna, and for this reason it is 
used in discriminating the overlying beds from the Bfassfield 
limestone. At present, however, comparatively little is known 
of the faunas of these immediately overlying limestones or of 
the Oldham bed. 



Rose Run Iron Ore. 

About a mile west of Preston, along the railroad, a short 
distance east of the home of William Johnson, the Whitfieldella 
layer is exposed. The top of the Silurian formations is seen 
farther east, in a railroad cut The following section is seen, 
in descending order: 

Devonian Black shale. 

Devonian limestone 11 ft 8 in. 

Alger clay 60 ft 

Oldham limestone and clay 5 ft 

Plum creek clay 7ft Gin. 

Light brown limestone 4 in. 

Clay 8 In. 

Ferruginous limestone, with large crinoid beads in 

lower part 1 ft 

' Limestone, containing large crinoid beads and one 

good Whit/leldella subquadrata 5 in. 

Clay, top of Brassfield section 7 in. 

Limestone 4 in. 

Clay 7 in. 

Ferruginous limestone 1 ft 

Remainder of Brassfield section not measured. 

About two miles southwest of Prestcm, along the road lead- 
ing to Howard Mills, east of a crossing of a small branch empty- 
ing into Slate cr(*t»k, the following exp.)sure is seen, in descend- 
ing order: 
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Cherty Devonian limestone. 

Alger clay 60 ft 

Oldham limestone and clay, limestones at the top 

thinner and separated by more clay 9 ft. 6 in. 

Plum creek clay 5 ft. 6 in. 

Wave-marked limestone 4 in. 

Clay 4 in. 

Limestone, strongly ferruginous, containing one 

Whit/ieldeUa suhquadrata 1 ft. 

Limestone, with large crinoid beads 2 in. 

Clay chiefly, top of Brassfield section 2 ft. 

Limestone, strongly wave-marked, with large crinoid 

beads 9 in. 

Chiefly clay 2 ft. 3 in. 

Limestone, layers of irregular thickness 1ft. 2 in. 

Limestone, hard layer 10 in. 

Clay 6 in. 

Massive limestone forming the remainder of the 

Brassfield section ^ 10 ft. 

About four miles oast of Owinj::sville, on the northern side 
of Kose Run, there are wide areas in which a hematitic iron ore 
is quarried. At this locality the following exposures are seen, 
in descending order: 

Oldham limestone and clay, lower part of section 5 ft. 

Plum creek clay 8 ft. 

Limestone, wave-marlted 4 In. 

Blue hydrated iron ore 5 in. 

Red hematitic iron ore 3 ft. 

Brown limestone, top of Brassfield section 5 in. 

Clay 4 in. 

Limestone with large crinoid beads 6 in. 

Remainder of Brassfield section not measured. 

From these sections it mav he seen that the horizon of the 
valuable iron ore deposits of this part of Kentucky is below that 
of the Plum creek clay, and occupies about the same level as 
the Whitfirldclla suhquadraia layer. This does not mean that 
none of the lavers of limestone immedial(»lv underlvin^ or over- 
lyinj? the WhitficIdcUa layer may be ferruginous, but that the 
Mhitfieldrlla laver is the horizon of the richest ores, and is 
the onlv laver of commercial value. 

All of the valuable deposits of this hematitic iron ore occur 
in the immediate vicinity of Owiufrsville, chiefly alonj? Rose 
Run. The horizon, however, may be traced farther northward. 
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At the mill on Fox creek, two miles below Farmville, the fol- 
lowing section is exposed, in descending order: 

Clay with a little thin-bedded limestone, base of Plum 

creek clay section 2 ft. 

Light brown limestone 4 in. 

Red ferruginous limestone 1ft. 4 in. 

Limestone full of large crinoid beads 1 ft. 

Blue clay, top of Brassfleld section 1 ft. 6 in. 

Limestone, strongly wave-marked 10 in. 

Limestone, thin bedded 8 in. 

Clay 1 ft. 4 in. 

Limestone, hard layer 6 in. 

Clay 1 ft. 6 in. 

Clayey rock Bin. 

Remainder of Brassfleld section not exposed. 

Along the railroad, one mile north of Hillsboro, the follow- 
ing section is exposed, in descending order: 

Oldham limestone and clay. 5 ft. 4 in. thick, consisting 
of the following members: 

Limestone 8 in. 

Clay 4 in. 

Limestone, slightly ferruginous 1 ft. 7 in. 

Clay 4 in. 

Limestone 4 in. 

Clay 1 ft. 6 in. 

Several limestone layers 6 in. 

Plum creek section, chiefly clay. 6 ft. 6 in. thick, con- 
sisting of the following members: 

Clay 10 In. 

Limestone lenses 1 in. 

Clay 3 ft. 

Limestone, thin layers 2 in. 

Clay 9 in. 

Limestone, light brown, thin 4 in. 

Clay 4 in. 

Limestone, brown tinged with red 2 in. 

Limestone, red purple 2 in. 

Limestone, strongly ferruginous, dark layer 1 ft 3 in. 

Limestone, not ferruginous, somewhat cross-bedded 

in places 6 in. 

Clay, top of Brassfleld section 1ft. 7 In. 

Limestone, wave-marked, often absent along the 
troughs, but remaining along the ridges as lenses, 
when seen in cross section, with large crinoid 

beads 4 in. 
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Clay 1 ft. 

Limestone, wave-marked, with large crinoid beads... Gin. 

Chiefly clay, with a little thin limestone at several 

levels 4 ft. 2 in. 

Limestone, hard 6 in. 

Clay 4 in. 

Chiefly light brown or blue limestone 2 ft. 2 in. 

Blue clay and limestone, poorly exposed 3 ft. 

Limestone 6 in. 

Clay 10 in. 

Solid massive limestone with chert, base of Brassfield 

section 5 ft. 6 in. 

Belfast layer 3 ft. 

A number of instructive sections occur in Adams county, 
Ohio, in the neighborhood of West Union, and between West 
Union and Dunl>arton. One of these sections is located along 
the ravine of the first stream crossing the road east of Sprow's 
bridge, northeast of Duncansville, not far east of the pike from 
West Union to Peebles. The section is north of the road, back 
in the woods, up the gully toward the northeast. Here the fol- 
lowing rocks are shown, in descending order: 

Limestone, massive, possibly the equivalent of the 
Dayton limestone 3 ft. 

Limestone and clay, corresponding approximately to 
the Plum creek horizon; Atrypa reticularis occurs 
1 ft. above the base 7 ft. 

Purple ferruginous limestone with large crinoid beads. 5 In. 

Limestone with large crinoid beads 4 in. 

Clay 6 in. 

Limestone, massive, crinoidal 6 in. 

Clay with a little thin limestone near middle 10 In. 

MVMtfieldeUa quadrungnlaris layer 6 in. 

Chiefly clay, top of Brassfleld section 1 ft 3 in. 

Limestone, wave-marked 4 in. 

Interval not recorded 19 ft. 

Limestone, massive, lower part cherty 2 ft. 8 in. 

Limestone, white, forming small fall 1 ft. 

Limestone, very cherty 6 ft. 

Limestone, thin bedded, base of Brassfleld section 6 ft. 

Clay rock with calcite 2 ft. 

Belfast bed 4 ft. 

Another section occurs north of the Whipporwill church, 
along the pike from West Union to Peebles, about three miles 
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northeast of West Union. Here the following rocks are seen, 
in descending order: 

Limestone, massive, possibly equivalent to the Dayton 
limestone. 

From the top of this massive limestone to the ferru- 
ginous layer the interval, possible equivalent to the 
Plum creek horizon, is 7 ft. 

Oolitic ferruginous layer, containing PleurolortKNia iii- 
exitrvtann, ana other fossils. 

From the top of the ferruginous layer to the top of 

that next mentioned the interval is 3 ft. 8 in. 

Limestone, massive, crinoidal, with Atnjim rrticularis 

and other fossils 1 ft. 6 in. 

Limestone, wave-marked, with many large crinoid 
beads. 

From the top of the wave-marked layer to the base of 

the cherty layer the interval is 28 ft. 

Limestone, thin bedded, forming base of Brassfleld sec- 
tion, including BrbertvUn Jannta 7 ft 

Belfast bed. 



Th<» third section < f importance in this connection is ex- 
posed southeast of West I'nion, along the road to Beasley Fork, 
The section begins at West Union and is described in descend- 
ing order: 

Alger clay 148 ft. 

Limestone, massive, in 6-inch layers, probably equiva- 
lent to Dayton limestone, exposed near home of 
John Morrison 4 ft. 6 in. 

Limestone, poor, thin bedded 

Clay, with thin limestone layers 

Limestone, wave-marked 

Clay 

Limestone 

Clay 

Limestone, with large wave marks 

Limestone 

Clay, with a little thin limestone 1 ft. 6 in. 

Limestone with large wave marks and containing 

large crinoid beads Bin. 

From base of last layer to base of cherty limestone, 
including almost all of the Brassfleld section, the 
interval is 26 ft. 

Limestone 2 ft 

Limestone, massive, called iron ledge by natives 1 ft 2 in. 



1ft 


6 in. 


1ft 


2 in. 




Sin. 




Sin. 




Sin. 




Sin. 




6 in. 




6 in. 
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Belfast bed, near home of Matilda F. Blake 4 ft 

Saluda bed 24ft. 

Interval 26ft 

Strongly wave-marked limestone, near home of Simon 

Nixon 6 in. 

Interval 147 ft 

Leptaena rhomhoidaJis horizon in Arnheim bed. 

A comparison of these three sections with those in Ken- 
tucky suggests that possibly the Oldham limestone section of 
east-central Kentucky is represented in Ohio bj' the Dayton 
limestone. North of Hillsboro, Kentucky, the Plum creek clay 
section appears to contain more and more limest<)ne. In this 
form it may be traced into the central part of Adams county. 
Farther north this Plum crcn^k section either disappears or 
becomes a part of the Dayton limestone section. The ferru- 
ginous horizon appears to occur at a distincth^ higher level in 
Adams county, Ohio, than east of Owingsville, Kentucky. In 
Adams county it is separated from the WhitficldeUa quadranyif- 
laris horizon by an interval of at least two feetv Farther north- 
ward the Dayton lime usually rests directly upon the Brassfield 
layer or is separated only by the ferruginous layer. 

In Ohio, there evidently is an unconformity between the top 
of the Brassfield limestone section and the base of the Davton 
limestone. This is indicated by the large pebbles found in the 
ferruginous and wave-marked rock iinmediatelv overlving the 
Brassfield section south of the Elk Run bridge, two miles east 
of Belfast, in the southeastern part of Highland county, in 
Ohio. Here many of the pebbles are four to eight inches long, 
and some are even twelve inches in length. Pebbles, three 
inches long, occur at the same horizon along the creek immedi- 
ately northwest of Belfast. Pebbles occur also near the middle, 
and at several points above the middle of the E^assfield bed at 
Belfast, and near Sharpsville, also in Highland county. Th^ 
interpretation of these features has not yet l>een carefully worked 
out, but the evidence is in favor of the presence of a number of 
strata between the Dayton limestone and the Brassfield lime- 
stone section, in southern Ohio, and northern Kentucky, which 
do not appear to be represented farther north, in Ohio and 
Indiana. 

Moreover, in both States, Kentucky and Ohio, the ferru- 
ginous oolitic rock appears to be associated with evidences of 
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stronger current action, such as a sandy appearing textarei 
cross bedding, wave marks, and, locally, with pebbles, features 
which characterize the shallower seas. This arouses the ia- 
quiry, whether the segregation of the iron in these oolitic beds 
may not have taken place largely at the time of their deposi- 
tion, at least in the form of iron carbonate, although subsequent 
chemical action has undoubtedly changed these carbonates to 
hematite, and has probably continued the replacement of the 
lime of the fragments of shells and bryozoans forming the 
centers of the oolitic grains by these compounds of iron. 

Plum Creek Clay. 

The relations of the Plum creek clav to the underlvin|nr and 
overlying rocks are well shown along the lower part of Plum 
creek, about three miles southwest of Clay City, In Powell 
county. Here, along the western bank of Plum creek, directly 
east of the home of George Mcintosh, an excellent exposure of 
almost the entire thickness is presented. (Fig. 3.) Farther 
down the creek, the base of the clay is exposed. The total thick- 
ness of the Plum creek clay is about five and a half feet, but 
opposite the home of George Mcintosh the thickness of the ex- 
posure is five feet three inches, the base not being seen. The 
clay rests upon a strongly wave-marked layer of limestone. 
Beneath the wave-marked layer occurs the layer with large 
crinoid beads and with Whitfieldella snhquadrata. The con- 
tact with the base of the Oldham limestone, at the top of the 
clay section, is clearly exposed. 

One of the best exposures of the Plum creek clay occurs about 
a mile and a half northwest of Indian Fields, west of Howard 
creek, along th^ Lexington & Eastern Railroad. Here the thick- 
ness of the Plum creek clay is fire feet. (Fig. 2.) The under- 
lying layer of limestone is strongly wave-marked, as along 
Plum creek. Beneath the wave-marked laver is limestone con- 
taining the large crinoid beads and a few specimens of MhiU 
fieldrlla snhquadrata. Al>ove the Plum creek clay, there is an 
excellent exposure of the lower part of the Oldham limestones, 
eight feet thick. The Plum creek clay section includes a little 
interbedded limestone at the top. Thin streaks of limestone 
occur also in the lower part of the section at irregular intervals. 
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Between Brassfield and Panola, along the Louisville & At- 
lantic Kailroad, the Plum creek section is underlaid by massive 
limestone, two and a half feet thick, containing Whitficldella 
suhquadraia in the lower part. Below the Mliitficldclla layer, 
there is a layer of limestone with large crinoid beads at the, 
top. The base of the Plum creek section consists of thin lime- 
stone and clay interbeddcnl, having a total thickness of one 
Soot ten inches. This is overlaid bv the main clav section, three 
feet three inches thick, and the latter is followed by limestone 
interbedded with clay, three feet four inches thick. The upper 
part of this section forms a transition to the thicker bedded 
Oldham limc^stones above. 

East of College Hill, nine mHes north of Panola, the Plum 
creek section, four feet three inches thick, consists chiefly of 
clay, but the lower part, ten inches thick, contains thin layers 
of limestone. 

Half a mile south of Whites Station and four miles north of 
Berea, the Plum creek section is about five feet thick, and con- 
sists of clay interlK<lde<l with several layers of thin limestone. 

About three miles north of Crab Orchard, on the Fall Lick 
road, just before reaching Harmon Lick creek, the Plum creek 
section is about five feet thick. It consists chiefly of clay, but 
contains also interbedded lavers of thin limestone. 

About five miles west of Crab Orchard, on the county road 
near the home of James Thomas Bailev, the laver of limestone 
containing the large crinoid beads is overlaid by a layer of solid 
limestone, a foot and a half thick, corresponding to the WhAt' 
fieldella subquadrata layer. This is overlaid by clay, one foot 
thick; followed by limestone, four inches thick; and clay, one 
foot thick, all belonging to the Plum creek section. The upper 
part of the Plum creek layer at this locality probably was erod- 
ed before the deposition of the Devonian limestone. 

No careful studv has been made of the Plum creek clav south- 
west of the section between Brassfield and Panola. In the area 
between Clay City, Indian Fields, and the Red river, the Plum 
creek section consists chiefly of clay, often with but a very 
small amount of thin, interbedded limestone. Here the clay 
section, although only five feet thick, is sufficiently distinct from 
the fairly solid Oldham and Btassfield limestones, above and 
below, to attract attention. Farther southwest, especially be- 
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ycnd Brassfield, the quantity of iiitorbedded liniostone appears 
to increase, so that, although the clay preponderates, there is 
enough thin limestone to make the Plum creek horizon far 
less conspicuous. Still farther west, beyond Crab Orchard, 
, the proportion of limestone in the Plum creek section is at 
least equally great, if not greater. 

To an investigator ent(»riug the field from the southwest, 
the Plum cr(»ek liorizon does not form a readily distinguishabh 
feature until the southern part of Madison county is reached. 
Even in Madison county, southwest of Panola and Brassfield, 
tne idea of separating the Plum creek clay from the Oldham 
limestone does not suggest itself. Farther north, between In- 
dian Fields and Clay City, however, this clay forms a readily 
recognizable horizon. 

There is no (juestion of the increase of the amount of lime- 
stone in the Plum creek section on going from Indian Fields 
southwestward toward Stanford. Near Indian Fields, the thick- 
ness of the Plum creek bed is five feet. Swuthwestward, the thick- 
nc^ss varies considerably, and, in general, appears to become 
somewhat thinner. Locally, however, sections five feet thick 
appear to occur even as far west as Crab Orchard, but this re- 
quires further ol>servation. 

Further investigations are necessarv also hi the territorv 
between HilKsboro, in Fleming county, Kentucky, and West 
Union, in Ohio. The stratigraphy of this territory has by no 
means been worked out with the exactness which is desirable. 

There is no prospect of the Plum creek clay having any 
commercial value. Even if it had any special valu(», it wcmld 
not pay to work it, since the clay is overlaid by the Oldham 
limestone which must be removed in order to get at the dav. 
The Alg(T clay, overlying the Oldham linw^stone, agrees so 
closelv, chemicallv, with the Plum creek clav where the latter 
is most free from limestonf*, that it is certain that the Alger 
clay will be exploited in preference to the Plum cre(»k clay. 
The chief interest in the Plum creek clay is its stratigraphical 
position. In a study of the clay resources of the State it be- 
comes neoessarv not onlv to determine where the larjre clav 
layers are, hut also to determine the location and thickness of 
the subsidiary layers. Much money is wasted at tinu^ in oper- 
ation where it is hoped that clays, limestones, or other layers 
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deep valley. In fact, between Brassfield, Indian Fields, Clay 
City, and Irvine, it occurs wherever the proper horizon is ex- 
posed. 

Four miles north of Berea, in the railroad cut south of 
Whites, the limestone containing large crinoid beads and Whit- 
fieldella subquadrata is overlaid by the equivalent of the Plum 
creek clay, five feet thick. It consists here of clay interbedded 
with clay rock. The Oldham limestone section is represented 
by limestone interbedded with clay, eight feet three inches thick. 
atricklandinia norivoodi occurs at the top of this section. The 
overlying limestone one foot three inches thick may belong to 
the Devonian. The layer with fish remains occurs immediately 
above, and unquestionably is of Devonian age. Although this 
layer with fish remains usually forms the base of the Devonian 
section, it is underlaid by one or two feet of Devonian lime- 
stone at EUiston, near Kiddville, and at several other localities. 

The identification of the Oldham limestone southwest of 
Berea is attended with difficulties owing to the absence of the 
Stricklandinia and to the gradual change of the lithologieal 
conditions. Eventually, as the result of careful stratigraphical 
work, the exact equivalency of all the more southwestern strata 
no doubt will be determined. At present, it is possible only to 
indicate what conclusions are favored by the evidence at hand. 

A mile southeast of Hammack, the thickness of the Plum 
creek section is estimated at four feet four inches, and that of 
the Oldham limestone at approximately twelve feet. Half a 
mile north of Hammack, the thickness of the Plum creek sec- 
tion is estimated at five feet, and that of the Oldham limestone 
at ten feet three inches. Three miles north of Crab Orchard, 
on the road to Hammack and Richmond, the layer with large 
crinoid beads is overlaid by solid limestone, a foot and a half 
thick. Over this is found considerable clay, five feet thick, in- 
terbedded with limestone, forming the Plum creek section. This 
is followed by limestone interbedded with clay, eleven feet eight 
inches thick, belonging to the Oldham limestone horizon. About 
three miles west of Crab Orchard station, along the county road, 
near the home of Abel Bryant, the lavi^r with large crinoid beads 
is overlaid by a section poorly exposed, five feet thick, assumed 
to belong to the Plum creek section. Above this occurs lime- 
stone interbedded with clay, twelve feet thick, regarded as be- 
longing to the Oldham limestone horizon. 
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If these sections west and southwest of Berea have been in- 
terpreted eorreetly, there is no very evident thinning of the 
Oldham limestone between Indian Fields and Crab Orchard, al- 
though local variations in tliickness are apparent 

The Oldham limestone may be readily identified by strati- 
graphic means as far as Owingsville. At the Rose Kun iron 
ore quarries, the Oldham limt^stone forms the top of the ex- 
posures, and is separated by a very characteristic bed of Plum 
creek clay from the ferruginous, (K)litic layer overlying the 
top of the Brassfield limestone. Farther north, however, con- 
siderable thin limestone occurs in some sections of the Plum 
creek clay, and the diflSculty of discriminating between the 
Plum creek clay section and the Oldham limestone is consider- 
ably increased. In general, the Plum creek clay is to be regarded 
as a comparatively local formation, best developed between 
Owingsville, Clay City, Irvine, Brassfield, and Indian Fields. 
Where this clay can not be readily identified the Oldham lime- 
stone can not be readilv discriminated. In such territories, the 
general designation, Indian Fields forniation, may be used to 
include both the Plum creek clay and the Oldham limestone. 

It has already been stated that farther northward, in Ohio, 
the Oldham limestone appears to find its equivalent in the 
Dayton limestone. In east central Kentucky the fossils of the 
Oldham horizon are neither numerous nor well preserved, but 
enough have been seen to indicate a fauna distinctly different 
from that in the Waco limestone lavers. 

Lulbegrud Clay. 

The Lulbegrud clay directly overlies the Oldham limestone. 
In the territory between Irvine, Clay City, Indian Fields, and 
Brassfield, the thickness of the Lulbegi^ud clay is about thirteen 
feet. It is well exposed at various points along the tributaries 
of Lulbegrud creek, in Clark and Powell counties. About a 
mile southwest of Indian Fields, south of the railroad, there is 
a road leading from the creek road to Clay City northward 
across the railroad toward Clay City. Here the top of the Old- 
ham limestone is well exposed a short distance above the level 
of Lulbegrud creek. Above this Oldham limestone, along the 
road, the full thickness of the Lulbegrud clay is exposed. The 
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clay is covered by a very persistent layer of limestone, above 
which the very thiii layers of limestone characteristic of the 
Waco horizon are seen. (Fig. 6.) The home of Brownlow 
Bruner is scarcely a quarter of a mile directly west of this line 
of exposures, and this locality therefore has been called the 
Brownlow Bruner locality. 

The Lullx»«»rud clay is exposed also at Abbott's mill, five 
miles south of Indian Fields, near the home of J. T. Elkins, 
along the road to Vienna; at several localities near Vienna, 
on the KchI river; a mile east of College Hill, along the road 
leading to the dam ; immediately south of Waco, along the road 
leading up hill; east of Panola, between the road and the rail- 
road; within three hundred yard-s of the station; and southeast 
of Brassfield, along the railroad. 

One of the best exposures of the Lulbegrud clay is seen 
north of InMne, along the road passing Estill Springs, before 
reaching White Oak creek, and, again, up the hill, northeast 
of the point where the road leaves the creek. Here the thick- 
ness of the Lulbegrud clay varies between thirteen feet and 
fourteen feet and a half. On weathering, it softens into a blu- 
ish-white clay. The percolating waters often are impregnated 
with Epsom salts, and springs issuing from these clays belong 
to the class known as Licks. Gypsum is deposited from these 
waters. Good cr\^stals are abundant at some localities. 

Between Brassfield and Berea the sections IxHome thinner. 
Three miles slightly north of east of Bobtown a thickness of ten 
feet is exposed, but the base is not seen. A mile and a half 
south of east from Bobtown, the thickness of the Lullx^grud clay 
is twelve feet. T\vo and a half miles southeast of Bobtown, the 
interval between the top of the Bras^ifieJd bed and the solid 
limestone regarded as marking the base of the Waco horizon 
is sufficient to suggest at least ten feet of Lulbegrud clay as 
forming a part of this inten^al. About two miles northeast of 
Berea, the thickness of the Lulbegrud clay appears t(x be nearly 
thirteen feet; three miles north of Borea, along the railroad, 
the thickness is estimated at eleven feet Three miles south- 
west of Berea, the total Silurian section beneath the solid lime- 
stone layer, regarded as marking the base of the Waco horizon, 
is sufficient to warrant an estimate of ten to thirteen feet for 
the Lulbegrud clay division of this section. 
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The solid layer of limestone, varying between nine and twen- 
ty-four inches in thickness, which overlies the Lulbegnid clay 
section, has not been traced with certainty beyond Berea. Until 
a more detailed examination of the territory between Brass- 
field and Crab Orchard has been made, it is useless to hazard 
any opinion as to whether the solid la.ver of limestone found in 
more southwestern sei-tions is of the same age or not. This layer 
of limestone also varies between nine and twenty-four inches 
in thickness, occurs at some distance above the base of a more 
continuous clay section, and has a rather wide geographical 
distribution, near Crab Orchard, and as far eastward as Berea. 
If this limestone layer at Berea and westward could be proved 
to be of the same age as the limestone (»verlying the Lulbegrud 
clay north of Irvine, Panola, and Brassfield, this fact would be 
of interest, since in that event a distinct thinning of the 
Lulbegrud clay toward the crest of the Cincinnati geanticline 
could be shown. Near Crab Orchard, the thickness of the clay 
between the solid limestone layer can not exceed six feet,, and 
this is the thickness also at Hammack. 

Waco Limestone Horizon. 

Immediately above the Lulbegrud clay, about thirteen feet 
above the base of the great clay section here known as the Alger 
formation, there occurs a layer of solid limestone, varying from 
less than one foot to fuUv two feet in thickness. This is fol- 
lowed bv numerous lavers of fossiliferous thin limestones inter- 
bedded with a considerable quantity of clay. Although the 
clay predominates, this part of the section has been called the 
Waco limestone horizon, since the presence of the limestone is 
its characteristic feature. The layer of limestone at the base 
of the Waco section has been traced over the entire area in- 
cluded between Brassfield, Irvine, Clay City, and Indian Fields, 
a territory twenty-five miles long and twelve miles broad. No 
limestone, with which this limestone at the base of the Waco 
section could be confused, is known at any other elevation in 
the Alger formation. Hence it has bo<^n found a valuable hori- 
zon marker in the area designat<Hl. Possibly it may prove to 
extend both farther north and farther «outh. In that case it 
may serve to indicate the base of the ^A'aco horizon even where 
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the fossiliferous beds characteristic of this horizon are un- 
known. An attempt has been made to identify with this solid 
limestone at the base of the Waco section, the various exposures 
of limestone having about the same thickness occurring in the 
Alger clay section between Brassfield and Berea, but the in- 
terval between the top of the Oldham limestone and the heavy 
layer of limestone thus identified differs so much at various 
localities, that only detailcnl stratigraphical work can estab- 
lish their identity, in the absence of the fossiliferous part of 
the Waco section. West of Berea, at Ham mack, and at Crab 
Orchard, the solid layer of limestone occurs only six or seven 
feet above the base of the more continutms clay section. If this 
limestone represents the limestone at tiu* base of the Lulbegrud 
clay, there is no question of the thinning of the Estill clay 
toward the west of Panola and Brassfield. Further investiga- 
tions, however, are necessary to determine this question. 

The fossiliferous layers, here called the Waco bed, are found 
at every* locality between Indian Fields, Clay City, Irvine, and 
Brassfield so far invc^stigated, where this horizon is exposed. 
The name has been taken from Waco, a small village east of 
Moberly station, in Madison county. The exposure occurs about 
half a mile east of Waco, along the road turning off from the 
Portland or Bybeetown pike toward Cobb ferry. Here the layer 
of solid limestone is overlaid by the fossiliferous Waco section, 
about ten feet thick, consisting of clay with interbedded layers 
of very thin limestone. The Waco horizon is overlaid by clay, 
three or four feet thick, followed by Devonian limestone. 

The most instructive sections occur north of Irvine (Fig. 
7), along the road passing Estill Springs, just before reaching 
White Oak creek. The laver of solid limestone here has a thick- 
ness of two feet^ Immediately above, there is a section, ten 
feet thick, consisting chiefly of clay, but containing so many 
layers of thin limestone that the rubble from these layers forms 
the most conspicuous part of the exposure. Fossils occur both 
in the layers of limestone and in the clay. Corals predominate. 
Bryozoans are numerous. Other fossils are comparatively 
scarce. 

Another exposure occurs farther north, along the road turn- 
ing off from the pike as it reaches White Oak creek. This road 
passes the home of James F. Harris. Here the section con- 
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tains few fossils. Following the road along White Oak creek, to 
a point less than a quarter of a mile northeast of the home of 
Mr. Harris, another road leads toward the east, up the hill. 
Here the top of the Oldham limestone, containing Stricklandinia 
norwoodiy is overlaid by Lulbegrud clay, fourteen feet six inches 
thick; followed by the solid limestone layer, two feet thick; the 
fossiliferous Waco section, t^n feet thick; clay with fragments 
of thin, argillaceous, and comparatively hard, shale, seven feet 
six inches thick; and soft clay, fifty-six feet thick. The same 
fossils occur as at the locality nearer Irvine. The lower part 
of the fossiliferous Waco section contains comparatively little 
limestone. In the upper part of the AA'aco section, limestone 
is more abundant* 

The exact reverse of this is found at the Brownlow Bruner 
locality, a mile southeast of Indian Fields. Here a connecting 
road leaves the creek road to Clay City, and passes north toward 
Kiddville. Within a short distance of the creek, the top of the 
Oldham limestone is exposed. This is overlaid by Lulbegrud 
clay, thirteen feet thick; the solid limestone layer, nine inches 
thick; the fossiliferous Waco limestone layers interbedded in a 
clay section, eight feet three inches thick ; and soft clay, twelve 
feet thick. Most of the fossiliferous layers of thin limestone 
are found in the lower half of the Waco section, and in the 
upper part of the Waco section the limestone layers are verj- 
thin and far apart 

Between Virden and Clay City, the upper part of the Waco 
bed, containing characteristic fossils, occurs at numerous locali- 
ties along the railroad, a short distance l>elow the Devonian lime- 
stone, or almost in conta<*t with the latter. 

About two miles southwest of Clav Citv, on the northern 
side of Tipton ferry, the solid limestone layer, one foot four 
inches thick, i« overlaid by the fossiliferous Waco bed. This 
part of the section is exposed also along the road crossing Plum 
creek, about a mile southwest of Tipton ferry. 

At the great clay pit, half a mile northwest of Indian Fields, 
the top of the Waco horizon is expos.^. A quarter of a mile 
south of Indian Fields, glong the pike, the top of the Oldham 
limestone, containing Stricklandinia noncoodi, occurs in the 
bed of the creek beneath the first culvert. This is overlaid by 
Lulbegrud clay, thirteen feet thick; the solid limestone layer, 
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nine inches thick; and clay, twenty feet thick, of which the 
lower half is fossiliferous and belongs to the Waco horizon. 
The exposure of the Waco bed is poor, but careful search showed 
the presence of a considerable number of characteristic fossils 
along the various brandies of the creek in the fields toward 
the west. 

The fossiliferous Waco bed is exposed also half a mile east 
of College Hill, al6ng the road ; and four miles north of College 
Hill, along the abandoned part of the road to Bloomingdale. At 
these localities the layer of solid limestone is only six to eight 
inches thick. On the Bloomingdale road this limestone is over- 
laid by clay, five feet six inches thick, in which no fossils were 
noticed. Overlying this, however, was a section, also five feet 
six inches thick, in which numerous iharacteristic fossils oc- 
curred. Here the clay contained thin layers of limestone chiefly 
in the upper part of the Waco section. 

From these statements it may be seen that the fossiliferous 
Waco section has a comparatively wide distribution. No at- 
tempt has been made as yet to trace it farther northward or 
southward than the localities here listed, but the presence of 
some species of ArachnoplujUum in the Alger formation of 
Bath county, identified by Linney as Strombodes pentagonus, 
suggests the presence of the Waco bed as far north at l^ast as 
Bath county. 

It is hoped that further investigations may result in trac- 
ing the Waco horizon farther south and southwest than Brass- 
field. A few traces of fossils were found several miles west of 
Crab Orchard, at the proper horizon. It is very evident, how- 
ever, even from the few observations made so far, that the Waco 
horizon is not very fossiliferous north of Indian Fields, or south 
of Brassfield, so that, even if the Waco horizon may be traced 
further, its typical development will remain within the bor- 
ders indicated. 

FAUNA OF THK WACO LIMESTONE HORIZON. 

The following fossils have been found in the Waco lime- 
stones of east-central Kentuckv: 

IsochUina panolensis, not rare, 
Cahjmmene niagarcnsis, 
Encrinurus ornafiis, common, 
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Illaenus cf. imperator, 

Diaphorostoma niagarense, small, common^ 

Cycloncma cf. cancellattim, not rare, 

Atrypa reticularis, small, abundant, 

Parastrophia sp., 

Brachi/prion cf. profunda, 

Strophonella cf. tenuistriata, 

Dalmanclla clcyantula, common, 

Platystrophia reversata, common, 

Hehertclla sp., 

Orihis flabellitcSy Osgood variety, common, 

Pholidops oraViH, common, 

Stoviatopora dissimilis, 

Mcckopora hassleri, very common, 

Crepipora f squamata, common, 

Favosites gothlandica, common, 

Favosites hisingcri-aplata, common, 

Favositcs decHnata, common, 

SyringoUtcs htironensis, not rare, 

Halysitrs catenulatus, 

UeHolitrs spongiosa, 

HeUoUtCH Huhtuhulata, varieties distans and nucella, 

Ly cilia cminula, 

Zaphrentis intertexta, and varieties irrincn»is and ju- 

vents, 
Zaphrentis charaxata^ not rare, 
Lindstrocmia lingulifcra, not rare, 
Polyorophe radicula, not rare, 
Cyathophylhnn densiscptatkim, common, 
Cyathophyllum sedentarium, rare, 
Chonophyllum solitarium, 
'Arachnophyllum granulosum, 
ArachnophyUunh, mamillarC'distans, 
Cystiphyllum spinulosuw, common, 
Calostylis spongiosa, very common. 

The Waco fauna characterizes an horizon between thirteen 
and twenty-five feet alcove the base of the Alger clay, and the 
Alger clay forms the Niagara shale horizon of the Ohio Geologi- 
cal Survev. It has been customarv to correlate the Niagara 
»hale of Ohio with the Rochester shale of New York. In that 
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case it should carry an approximately similar fauna. A com- 
parison of the Waco fauna of Kentucky with the Rochester 
fauna of New York does not show as close an agreement 
as is desirable. The following species of the Rochester shale, 
for instance, are absent from the Waco horizon, as far as known 
at present: 

Dalmanitcs Umulurus, 

Homalonotus delphinoccphalus, 

Liehas holtoni, 
*Whitfieldclla nitida, 
^Whitfieldclla nitida-ohlata, 
^Spirifer (Delthyris) sulcatus, 
*8pirif€r crispus, 
**Spirifer niagarensis, 
**8pirif€r radiatus, 

^Rhynehotrema cuncata-ameiicanay 
**Orthoth€tcs 8uhplanu«, 

Ichthyocrimis laevis, 
*Eucalt/ptocrinu8 decorus, 

Stephanocrinus angulatus, 

Caryocrinu^ omatus. 

The species preceded by one star (*) are found, in New 
York, already in the limestone lenses at the top of the Clinton; 
those preceded by two stars are found even in the upper part of 
the true Clinton, beneath the lenses. The absence of any species 
of Spirifer in the Waco limestone is especially noteworthy. 

In the west, in Indiana, this Rochester shale fauna makes 
its first appearance in the upper part of the Osgood formation, 
in the so-called Osgood limestone, whi»:h overlies the thick clay 
section which forms by far the greater part of the Osgood forma- 
tion. This so-called Osgood limestone could be placed strati- 
graphically just as conveniently at the bottom of the Laurel 
limestone as at the top of the Osgood formation. 

As far as mav be determined from the evidence at hand, the 
Alger clay corresponds to the thick clay forming by far the 
greater part of the Osgood formation as originally described in 
Indiana. The fauna of the Waco horizon in the Alger clay 
Is found stratigraphlcally beneath thr- fauna in the so-called 
Osgood limestone of Indiana. The fossils listed from the Os- 
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good formation of Indiana were obtained ffom the so-called Os- 
good limestone, and not from the thick clay section, correspond- 
ing to the Alger clay. The first appearance of the Rochester 
shale fauna in the Cincinnati geanticline region is in the Osgood 
limestone, above the Osgood clay, or Alger clay, or Niagara 
shale horizon of these States*. The Waco limestone fauna is a 
different fauna from that of the Rochester shale, and precedes 
the arrival of the latter in the west 

The thick Osg(M)d clay of Indiana, the so-called Niagara shale 
of Ohio, and the Alger clay of east-central Kentucky may be 
the strati graphical equivalents of the Rochester shale of New 
York, but they are not the paleontological equivalents. If 
they are the stratigraphical equivalents, then a part of the 
Rochester shale fauna must have reached the western part of 
New York already during the time of formation of the limestone 
lenses at the top of the Clinton, while in Ohio, Indiana, and 
Kentucky it did not reach any typical development before the 
close of the deposition of the great clays formerly identified as 
Niagara shale. The fauna of the Waco limeston<»s is quite dis- 
tinct from that of any Silurian formation in New YQrk. It 
shows distinct affinities with the Silurian of Sw^en, and ap- 
pears to have entered the field across northern Lake Huron. 

One of the most interesting results of these preliminary in- 
vestigations of the fauna of the Waco limestones is the accumu- 
lating evidence of a fauna closely allieil to that found in the 
Silurian of Gotland and in the Wenlock division of the Silurian 
in England. This fauna appears to be absent in New York and 
along the Appalachian areas of this country, and therefore may 
have been introduced into this country from the north, across 
the northern eml of Lake Huron, rather than from the north- 
east. This is suggested by the presence of SyringoUtcs huron- 
rnsis in the Silurian of Manitoulin Island in the northern part 
of the lake, and by the presence of species in the Niagaran 
strata of Indiana, Illinois, and Wisconsin, suggesting affinities 
with those of northwestern Euroi)e. 

Among the species in the Waco limestone fauna may be 
mentioned Si/ringolifrs 1ntroncu.sis, whi(»h finds a near relative, 
structurally, in Rocmcr'w Ifinfhiatta. of Gotland; Lindsiroemia 
Unffulifera, belonging to a genus represented both in Gotland 
and England; Poh/orophc radioula, which may not be closely 
related to Poli/orophr fflahra of Gotland, but which shows sev- 
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blocks. They are of a dull yellow, but are much lighter in color 
than the rocks from the middle beds of the Hudson river (the 
Garrard bed) in other parts of the county. They harden, when 
placed above drainage, and become very durable. 

"The soils derived from these rocks are sandy and easily 
eroded, consequently one sees many sterile spots in the parts 
of the county where they exist. They are better exposed in what 
are called the Bald Hills, than at any other locality. They 
range across the county from Madison to Lincoln, never forming 
very wide exposures, and are heavier on the Lincoln side. A 
single layer of this stone contains a small amount of petroleum, 
and sometimes through some of the heavier beds are seen crys- 
tals of celestine, and, in a few instances, small lumps of zinc 
blende. Casts of a small form of Airy pa reticularis , and some 
other, but indeterminable, forms are found in the sandstone. 
At the top of this sandstone are often a few inches of limestone, 
vesicular in structure. This structure is due to the former in- 
clusion of fossils, which have been removed. While interiorly 
blue, this stratum turns red on exposure, owing to the oxidation 
of the iron that it contains. 

"Lying on this limestone are from sixteen to twenty-five feet 
of mud shales or marls, with a few thin plates of limestone inter- 
calated. The shales are blue, black, olive, and brownish-red; 
are soft and fragile, and decompose directly into stiff, tenacious 
clay. Crystals of selenite and iron pyrites are common, and 
the whole series is impregnated with magnesia. These shales 
are usually seen in the hillsides as white clays and sterile spots, 
but in one place they cover several miles of surface, except where 
cut through bv hollows. These are the shales from which the 
celebrated Crab Orchard salts are manufactured, and which are 
more particularly noticed in my report on Lincoln county. The 
shales may belong to the Clinton group, but until they are con- 
nected with rocks which are undoubtedlv Clinton, we mav re- 
tain the name of 'Crab Orchard Shales.'^' (Plate A.) 

It will be noticed that the description of the so-called Medina 
rocks of Garrard county agrees closelv with that of the rocks 
identified as Medina in Lincoln countv. The single laver of 
stone containing a small amount of petroleum is the Whitfield' 
rUa layer, which often contains a little petroleum in the cavities 
left by the dissolution of the thick parts of the shell of this 
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in Ohio, where Silurian limestones conformably overlie the 
equivalents of the Alger clay, more exact knowledge of its orig- 
inal thickness is obtainable. 

At West Union, the thickness of the Alger clay apparently 
is 148 feet, but part of this apparent thickness may be due to 
dip. At Peebles, northeast of West Union, the Niagara shale 
section of the Ohio survey is eighty-five feet thick. At Hills- 
boro, it is seventy-five feet thick. Farther north it rapidly 
diminishes in thickness and changes gradually into strongly 
calcareous clay interbedded with a considerable quantity of 
thin limestone. At Dayton, in Ohio, the equivalents of the 
Niagara shale, of southern Ohio, are about thirty feet thick. 

From this it is evident that the strata known as Niagara 
shale, in Ohio, become rapidly thicker southward, at least as 
far as Lewis county. Whether, before the erosion preceding 
the deposition, of the Devonian limestone, this increase in thick- 
nc*ss of the equivalent Alger clay continued as far as east-central 
Kentucky, can not be determined at present. 

Where the Waco limestone can not be Identified, it is im- 
possible to determine how much of the Alger clay is to be as- 
signed to the Estill clay section. In these cases, provided the 
thick layer of limestone, belonging at the base of the Waco sec- 
tion, can be recognized, the name Flades cla;/, from Flades 
creek, east of Crab Orchard, may be used for that part of the 
Alger formation which includes both the Waco and Estill 
horizons. 

Only two species of fossils have been identified so far from 
the Estill clay, both from the thin argillaceous shales inter- 
bedded with the clays at the top of the exposures west of Valley, 
in Lewis county. These are lici/richia laia-tnpUcaia and 
Choucii's vctHsta. 

Indian Fields Formation. 

It has been found convenient to group some of the minor 
subdivisions of the Silurian, in eastern Kentucky, into larger 
divisions, here called formations. The lower one of these is 
the Indian Fields formation. This indiides not onlv the Plum 
creek clav and the Oldham limestone, liut also those lavers of 
limestone beneath the Plum creek clav which are regarded as 
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belonging above the line of unconformity marked, in east-central 
Kentucky, by the Whitfieldella subquadrata and oolitic iron 
ore bed. The total thickness of these layers of limestone usually 
does not exceed one or two feet. This method of classification, 
evidently, i& an attempt to give a paleontological basis to the 
divisions'proposed, and, as long as such a classification is not 
used for purposes of mapping, it may have a certain degree of 
usefulness. 

Farther north, in Adams county, Ohio, where the Whitfield- 
ella quadrangnlaris layer is distinctly below the oolitic iron 
ore bed, it appears to be the iron ore bed, rather than the Whit- 
fieldella layer, which marks the position of the unconformity. 

The typical exposure of Indian Fields formation occurs 
about a mile and a half northwest of Indian Fields, along the 
railroad, and extends from the second good cut w^est of Howard 
creek, eastward as far as the great fill crossing the valley oc- 
cupied by that creek. Equally instructive exposures occur along 
the railroad between Panola and Brassfield. 

Alger Formation. 

The Lulbegrud clay, Waco limestone horizon, and Estill 
clay have been united so as to form thy Alger formation. This 
is essentially a clay formation, the total quantity of limestone 
in the Waco limestone section forming but an insignificant part 
of the Alger formation, taken as a whole. By far the best sec- 
tions known occur north of Irvine, along the road passing Estill 
Springs. The most instructive section is that along a road 
leading from White Oak creek eastward up a steep hill, about 
a quarter of a mile east of the home of James F. Harris, since 
in this section all the members of the Alger formation may be 
distinguished readily. The section along the road passing the 
home of Mr. Harris, however, is a continuous section, and, 
although the Waco horizon here carries few fossils, this very 
fact is of interest, illustrating the rapid local variation of this 
horizon. Excellent exposures occur also east of Panola, along 
the railroad. 

The formation takes its name from Alger, a station along the 
railroad between Panola and Irvine. Here a branch of Drown- 
ing creek exposes the formation, and since the name Irvine is 
preoccupied for another formation, the name Alger will serve 
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as at least a fairly good index of the region in which typical 
exposures of this formation may be found. 

The various members of the Alger formation have already 
been described with sufHcient detail to make any further de- 
scription of the Alger formation, as a whole, unnecessary. 

Crab Orchard Division. 

The Indian Fields formation and the Alger formation have 
been united to form the Crab Orchard division of Niagaran 
rocks. This grouping is based upon a combination of strati- 
graphical and paleontological data, ami is merely an effort to 
construct for the Silurian strata of Kentucky a system of group- 
ings which will serve to indicate the stratigraphical equivalency 
of the Silurian strata of this State with corresponding strata 
in Ohio. In other words, the Brassfield limestone is believed 
to correspond to those strata which in Ohio have been identified 
as Clinton. The Crab Orchard division of Kentucky is correl- 
lated with the strata identified as the Niagara shale in Ohio. 
In Ohio, the Dayton limestone has been included in the Niagara 
shale section, forming the basal part of this section. In Ken- 
tucky, the Oldham limestone, believed to be the stratigraphical 
equivalent of the Dayton limestone, also is included in the lower 
part of the same division as the great mass of clays. But in 
Kentucky the great maps of clays is called the Alger formation, 
and the limestone regarded as equivalent to the Dayton lime- 
stone has be<*n called the Oldham limestone. 

From a lithological standpoint, this grouping of strata is 
perhaps not as natural as one in which the entire Silurian sec- 
tion of east-central Kentucky would be divided into two great 
divisions, consisting of a great lower division including chiefly 
limestone, but also one considerable clay deposit, and of a great 
upper division, consisting almost entirely of clay. In this case, 
the lower division would include the Brassfield, Plum creek, 
and Oldham beds, while the upper division would include all 
of the Alger formation. The arrangement adopted in the pres- 
ent bulletin is that best adapted to show the parallelism between 
the corresponding strata of Ohio and Kentucky. 

The name Crab Orchard was introduced bv Linnev, in bis 

• .7 

report on Lincoln county. He did not define this term with the 
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exactness which is necessary for determining its exact equiva- 
lency with the various subdivisions here established. There is 
no doubt of the application of the name Crab Orchard to all 
of the Alger formation, but apparently Liuney included also 
the Plum creek clay and its equivalents southwest of B'rassfleld. 
Under these conditions it has been considered desirable to give 
this name the widest significance which it possibly could have 
had, and therefore it has been employed for all Silurian strata 
of east-central Kentuckv which lie above the Brassfield bed. 
This would include both the Indian P^'lelds and Alger formations. 
On account of their historical interest, the obsenations bv 
Linney are republished on the following pages, with such com- 
ments as will serve to make clear the meaning in those cases 
where at present the language may appear obscure, and such 
further notes as will show the relationship of the divisions then 
in use to those now established. 



Linney 's Reports on the Silurian Rocks East of the 

Cincinnati Geanticline. 



A. Lincoln County. 

In the Report on the Geology of Lincoln County, by W. M. 
Linney, published in 1882, the following account is given of the 
Silurian rocks of the countv : 

"Medina Sandstone. — In the northeastern portion of Lincoln 
county there is to be seen, in a number of places, a series of 
buff sandstones, which sometimes show as hard concretionary 
shales, which are disposed to break into squares hardly more 
than an inch in diameter. 

"These bc^ds at their thickest points are about thirty-five 
feet in thickness; and erosion over them is comparatively rapid, 
and they leave a soil which is sandy and easy to wash. These 
tracts have a local name of 'Bald Hill Soils,- from a localitv 
in Garrard county where the rocks are exposed, and so called 
because they have become, in places, sterile from the amount 
of sand which covers them. 

"Internally they show yellow and green spots. Some of 
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the layers have a nmall portion of lime in them. This series is 
well exposed on a road leading from Kichmoud Junction (now 
called Kowland) to Dudderar^s Mill, on Dix river (three miles 
northeast of Kowland, on the road to Gilbert Creek Station). 
Here, at many places in the hill-sides, can the Coltimnaria bed 
be seen covered up in the sand which was brought by the cur- 
rents and swept over them. 

"A little north and east of Hall's Gap Station, and on the 
road thence toward Crab Orchard, they may be seen as they 
are presented in Garrard and Madison counties. While at 
nearly every point exposed the layers seem worthless for build- 
ing purposes, yet locally there are some fine durable stones 
among them. At Mr. J. T. Lynn's, about a mile (east) from 
Hall's Gap Station, stones were quarried for foundations, steps, 
etc.; a very desirable stone was obtained, which has every ap- 
pearance of being durable. They are easily taken from the 
quarry, come out in good shape, and can be dressed with an 
axe, so soft is their character. They harden on exposure, and 
become of a deep buflf color. At James' Mill, on Dix river (two 
miles north of Crab Orchard), the stack was made of stones 
taken from these beds, and nothing could have suited the pur- 
pose better. 

"In every direction from Crab Orchard these rocks may be 
seen when looked for, presenting often small sterile spots; in 
some cases thev have been built into stone fences. Some of 
the soils over these beds are fairlv ffood where thev have been 
taken care of; but too often they present the features which 
are mentioned in the report on Washington county. 

"In some of th^* heavier layers, at particular points, are 
included a few geodes filled with calciie crystals of a pinkish 
color. In some instances I found small masses of celestite or 
strontium sulphate in a heavy hard layer near the top, and oc- 
casionally small nodules of zinc blende were seen. 

"Manv of the la vers are remarkablv full of sea-weeds; their 
branching and matted stems covering layers everywhere as far 
as they can be traced. One bed, a few inches thick, seems to 
have held branching forms of Chaefefes corals (now known as 
branching bryozoans) ; the cavities filled with petroleum. Fos- 
sils are very few, and exist only as very poor sandy casts. They 
probably include small forms of Atnjpa reticularis (probably 
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the interior casts of Whitfieldella ci/lindrica-suhquadrata show- 
ing little else than the muscular scars) and Zaphrentis hilaiet'- 
alts (probably the common cup-coral, here called VyathophyU 
lum caliculum, which is found in the upper part of the Brass- 
field or Clinton bed, just beneath the A\'hitfieldella layer) ; but 
such was their condition that they could not be determined satis- 
factorily. 

"In the western portion of the county these rocks are seen 
between Moreland and Carpenter's station; but here they are 
thinner than in the eastern part, and present no new phases. 
The whole series has the appearance of being a reef-like accum- 
ulation, deposited largely or entirely by currents, and some- 
times probably in the face of waves, as at several points one 
or two lavers have a wave-like structure*. The life which existed 
in the waters before seems to have all been destroyed here at 
this time, and during the invaBions of the Medina sand (the 
rocks so identified in Lincoln county belong in part to the top 
of the Ordovician and in part to the base of the Silurian) seem 
not to have been fitted for anything but plant-life, except in 
rare instances, and for short duration. 

"Crab Orchard Shale. — Overlying the Medina sandstone (see 
comment above) in the eastern piirt of the county is a group 
of clay shales, which reach in s<»vcral instances a thickness of 
forty feet, but thin down in others to a mere trace. These 
shales, as seen in exposcnl places, are gray or white, sometimes 
gn»en; but when freshly excavated are black, green, olive, blue, 
and red. They are soft and crumbling, and are soon reduced 
to clay, and when tramped in wet roads become stiff and 
tenacious. 

"Within this deposit are a few hard smooth plates of thin 
limestones, with sometimes obscure markings of plants; these 
plates are hard, and are ofti^n seen where all the shales have 
decomposed. These plates, and sometimes the shales, have a 
curved stnicture, and at times some of the laminae overlap the 
thinned-out edges of others. 

"Included in this bed are crvstals of selenite (gypsum), and 
crystals and nodules of iron pyrites; sometimes a plate of iron 
shale is also seen. The whole l)ed seem<^ to be impregnated with 
carlxmate of magnesia. To the presence of those three minerals, 
in the form they assume, is due the peculiar character of the 
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magnesium compound, which, under the name of Crab Orchard 
salts, is manufactured from these shales. These shales are 
placed provisionally in the Clinton (they now are known to 
overlie the Clinton) until more is learned in« regard to their 
relation. As these shales contain gypsum, soda, and potash, 
it would be advisable for farmers and others to make some ex- 
perimental tests with them as fertilizers." 

From the preceding paragraphs, quoted from the report on 
Lincoln county, it is evident that Mr. Linney divided the Siluri- 
an, as identified by him, into two divisions. The lower of these 
he correlated with the Medina of New York. Not being cer- 
tain of the advisability of c*orrelating the clay shales, forming 
the upper part of the Silurian section in this part of Kentucky, 
with the Clinton of New York, he called them the Crab Orchard 
shales. (Plate A, page 64.) 

The "Bald Hill Soils" are of Ordovician age. They form 
that part of the Richmond group which overlies the Columnaria 
layer. The Columnaria layer was regarded as marking the 
base of the Silurian, whereas as present it is known to be at 
least seventy-five feet below the top of the Richmond, and to 
be underlaid by about the same thickness of almost unfossilifer- 
ous strata, also of Richmond age. Linney's estimate of thirty- 
five feet for that part of the Richmond section which overlies 
the Columnaria layer is manifestly incorrect, but this is true 
of most of his so-<*alled measurements, which in reality were 
estimates made without the use of instruments. The fine dura- 
ble stones, found locally between Hall's Gap Station and Crab 
Orchard, are of Rrassfield or Clinton age. At James^ Mill, on 
Dix river, two miles north of Crab Orchard, on the road 1o 
Preachersville, both the Oldham limestone and the top of the 
Brassfield limestone are exposed, but only the latter is hard 
and offers layers of suitable thickness for building purposes. 
The Brassfield limestone is the only one around Crab Orchard 
which has been built into fences. The heavier lavers of lime- 
stone are also of this age. The fossil iferous beds undoubtedly 
belong at the top of the Brassfield section, since the upper part 
of the Richmond in this section is practically unfossiliferous. 
The remains identified as Atri/pa reticularis must have been 
that part of the internal casts of Whitfieldella suhquadrata- 
which includes the impressions of the muscular scars of the 
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pedicle valve (Plate 1, figs. 3- A, B. C), since this is the form 
commonly associated with the small cup coral identified by 
Linney as Zaphrentis hilateralis. , These fossils of the Wkit- 
fieldella layer form altogether too conspicuous features of the 
Hilurian section to have escaped attention, and are the fossils 
with which these names were identified by local geologists ten 
or fifteen years ago. 

The pockets of petroleum occur almost exclusively in the 
Brassfield and Devonian limestones, in this area« The strata 
between Moreland and Carpenter's station are of Ordovician age. 

The Crab Orchard shale of this report includes the Alger 
clay. The thickness of forty feet is exceeded at all localities in 
the immediate vicinity of Crab Orchard. North of Crab Or- 
chard, this thickness equals at least seventy-five feet, and its 
exact thickness is unknown, on account of the unknown dip and 
the great distance between the top and bottom of the section. 

The hard smooth plates of thin limestone with obscure mark- 
ings of plants are the thin plates of argillaceous shale scattered 
throughout various parts of the Alger formation. This is also 
the formation including the Crab Orchard salts. 

From these notes it would seem most reasonable to assume 
that Linney practically included only the Alger clay in his 
original discussion of the Crab Orchard shale. There 58 no 
doubt that he included the Whitfieldella suhquadrata layer in 
his Medina. Nothing is said any where which would determine 
his disposition of the Oldham limestone, but it seems most 
reasonable to assume that in i\\\^ report it was included in the 
Medina. 

B. (lAUUAttD COI'NTY. 

Linnoy's description of the rocks in (Jarrard county idenCi- 
fied by him as Upper Silurian (now known as Silurian) is as 
follows: 

"The rocks of the Upper Silurian in Garrard amount only 
to a thickness of some sixty feet, and hive at the base thirty-five 
feet of sandstones, which are the probable equivalents of the 
iledina sandstone of New York. Th.^ greater part of this is a 
soft, easily pulverized sandstone, sometimes concretionary, con- 
taining in places some layers which have Ixn^n used for build- 
ing purposes. They quarry very easily, and in good well-shaped 
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species of Whitfieldellay near the hinge. This must be the hori- 
zon from which the so-called Atrypa reticularis wa« identified. 
It is undoubtedly the horizon described in the following terms: 
"At the top of this (Medina) sandstone are often a few inches 
of limestone, vesicular in structure. This structure is due to 
the former inclusion of fossils, which have been removed. While 
interiorly blue, this stratum turns red on exi>osure, owing to the 
oxidation of the iron that it contains." There is only one layer 
which shows these cavities and which has this ferruginous char- 
acter, and that is the AVhitfichldla subquadrata lajer. 

In this description Linney definitely limits the top of his 
Medina at the Whit/ieldella layer, and appears to assign all of 
the overlying strata to the Crab Orchaid shales. As a matter 
of fact he probably gave no thought whatever to the few layers 
of limestone belonging to the Oldham horizon. In Lincoln and 
Garrard counties, the e<iuivalents of the Oldham limestone are 
too inconspicuous to n»ceive attention in a general survey. Fol- 
lowing, however, a literal interpretation of this first definite 
assignment of limits k'tween the Medina and Crab Orchard 
shales, this limit mus^t be drawn at the top of the Wltitfieldclla 
layer and not at the base of the Alger formation. 

The estimates of the various thicknesses of the rocks de- 
scribed is again at fault In his description of the Upper Hud- 
son Kiver beds of Garrard countv, Linnev definitelv states that: 
"The top of these ( Upper Hudson River) IkhIs and of the Lower 
Silurian (Ordovician) is marked in places by an irregular mass 
of limestone, which is filknl with large corals of the genus 
Columnaria, and associated with those are many other forms, 
such as Tetradiuni, Htrritfrlasma, etc.; but often the Cumber- 
land Sandstone is at the top, making it difficult to determine the 
dividing line lK*tw(MMi it and the next." As a matter of fact, 
the Columnaria layer of Garrard county does not contain many 
other fossils, Columnaria being almost the only fossil found. 
This part of Linney's statement is due, no doubt, to the pres- 
ence of numerous fossils immediately above the Columnaria lay- 
ers m Marion, Washington, and Nelson counties, with which he 
was familiar. The Columnaria layer Avas regarded as marking 
the line of division b<»twetm the Cumberland sandstone and the 
Medina sandstone. The Cumberland sandstone of this descrip- 
tion includes that part of the unfossiliferous Ordovician section 
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which lies beneath the Columnaria layer. It consists chiefly of 
strata of Richmond age, since the top of the fossiliferous beds 
beneath belongs to about the middle of the Aruheim layer, to the 
horizon containing Leptaena rhomboidalis and lihynchotroma 
dentatum. Since, owing to tlie absence of other fossils, the 
Columnaria layer was about the onlv means, in Garrard 
county, of distinguishing the Cumberland sandstone from 
the Medina sandstone of Linney, it is evident that, where 
the Columnaria layer was absent, in other words, where 
the Cumberland sandstone formed the top of Linney's 
Lower Silurian, without the int<?r\^ention of the Columnaria 
layer, it was difficult to determine the dividing line between it 
and the next. 

The thickness of the section between the Columnaria layer 
and the Whitfieldella layer, the strata identified by Linney as 
Medina, is about eighty-five feet, instead of thirty-five feet. The 
thickness of the Silurian section overlying the ^\hitfieldella 
layer in Garrard county varies between twenty and sixty-five 
feet That part of the section overlying the solid layer of lime- 
stone, believed to mark the base of the Waco horizon, varies in 
thickness from to almost forty feet. From this it seems not 
impossible that some of the meiisurements of the Crab Orchard 
section were made from the solid limestone at the base of the 
Waco horizon rather than from the AVhitfieldcUa layer. 

(\ ClAKK ('orxTY. 

The reports on Lincoln and Garrard counties were published 
simultane(msly, in December, 1882. They are both, therefore, 
given equal value in determining what significance should Ix^ 
assigned to the name Crab Orchard Shales. 

Two years later, in 1884, in his report on Clark county, Lin- 
ney changed both the claf'sification and the nomenclature of the 
rocks which he had fornu^rly includcnl in the Silurian. He di- 
vided the rocks identified by him fx» Silurian into two divisions. 
The lower of these he considered eijuivalent to the Clinton of 
New York. The uppc^r division he correlated with the Niagara 
group of that State, probably having in mind the Niagara shales, 
now known as the Rochester rfiale. The Molina was identified 
doubtfully, and a much smaller section was included under this 
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name than heretofore, in his description of the geology of Lin- 
coln and Garrard counties. 

Linney's description of the Clark county rocks identified 
as Clinton is as follows: 

"The rocks of the Clinton are for the most part magnesian 
limestones and shales. At the base are some heavy sandy layers 
which may represent the Medina sandstone. Thc^se are more or 
less earthy and friable, crumbling into small pieces from the 
exposed layers, and when thoroughly reduced and washed of 
the clay there is left often, in places, only pure sand. These 
rocks contain some casts of shells in very iK)or condition, though 
the Orthis lynw is often one of them. Perhaps a small form of 
Atrypa niknilaris is among them. These are succeeded by 
thinner layers of coarse-grained limestones and shalt*s, then sev- 
eral layers of heavy, rough-bedded blue limest4)nes, after which 
there are shales and thin limestones (in the following table these 
are given in the order — thin limestones and shales) overlaid 
with heavv strata of limestones. 

"These present al)out the following section, though they are 
not by any means uniform in every place: 

Heavy limestones 8 ft 

Shales 7 ft. 

Thin limestones 9 ft. 

Heavy limestones 6 ft. 

Limestones and shales 11 ft. 

Sandstones and shales 9 ft. 

Total 50 ft. 

"The larger part of the limestones are rough and unevenly' 
bedded, breaking unevenly, and contain some silica and clay. 
These make a tough material for pikes and have been used for 
that purpose. While they are a dirty blue, when freshly broken, 
they all be<*ome, on exposure, a dirty yellow, which is so pi^culiar 
to magnesian limestones. There is rather more than 20 per 
cent, of magnesia in all these limestones. The thin layers are 
more even in character, and some of them would make flag- 
stones. 

"The seven feet of shales seem to l>e the equivalent of the 
Crab Orchard shale of Lincoln and tJarrard counties. They 
contain the association of thin plates, balls of iron pyrite and 
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crystals of sulphate of lime. At Kiddville, at the residence of 
Mr. J. E. Groves, a well dug in these layers gave a strong epsom 
water similar to the Crab Orchard variety. These shales are 
Wue and red, but on exposure they become ash-colcwred or white. 

"At Kiddville and several other places one of the layers of 
limestone was red in color, due to the infiltration of iron. On 
further examination it was seen that there are tw^o layers, which 
must be the representatives of the beds of hematite ore in the 
Clinton group in East Tennessee. The same lenticular struc- 
ture is prevalent. Sometimes this is a true ore, with all the 
characters of the Clinton. There is some little strontian con- 
tained in these rocks, a very usual thing in Kentucky. Pentam- 
€ni8 ovalis and Zaphrentis hilatcralis are very common fossils. 
Small forms of Atri/pa reticularis and other fossils are fou£d, 
but they are not good specimens." 

Kegarding the roc*ks identified as belonging to the Niagara 
group Linney states : 

"Over the Clinton is spread sixteen to twenty feet of blue 
and red shales, which have intercalated about three inches of 
thin limestone plates. These make four layers and are filled 
with small fossils, usually round-stemmed corals (now known 
as bryozoans). They also contain Strombodes pentagonus and 
Favosites niagarensis. They seem to determine the position 
of this shale, which is the only representative of the (Niagara) 
group. This shale, when on the surface, gives a very stiff, ten- 
acious clay, and when roads run over it and are not macadam- 
ized they become almost impassable. It can be best seen at 
Eastin's mill (a mile and a half east of Indian Fields), w^here 
there is a perpendicular section entirely through it." 

The interpretation of these statements by Linney offers cer- 
tain diflBculties. The following interpretation appears most 
reasonable (Plate A) : 

Linnev's work in Clark and Montgomerv counties bridiyed 
the connection between Garrard and Bath counties. In Bath 
county were important deposits of the oolitic iron ore evidently 
simil^i|r character and stratigraphieal position to the oolitic 
iron orestin Adams, Highland, and Clinton counties, in southern 
Ohio. It was quite generally agreed that these oolitic iron ores 
of Kentucky and southern Ohio corrc^})onded stratigraphically 
to those in the Clinton of New York, and that the overlying 
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clay shales corresponded to the Rochester shales of New York, 
then known as Niagara shales. It then became necessary to 
revise the classification of the rocks of eastern Kentucky so as 
to meet these views. The results are expressed in these reports 
on Clark and Montgomery counties, published under the same 
cover, in 1884. 

In the report on Clark county, the Cumberland sandstone 
is stated to include a series of strata, about 125 feet thick, over- 
lying the Platystrophia lynx beds. They include that part of 
the Arnheim layer overlying the Leptaena rhomboidalis and 
Rhynchotrema dentaPum horizon, and also all of the Richmond 
section, excepting possibly some of the strata very near the top. 
As a matter of fact, the interval between the Rhynchotrema den^ 
tatuni layer and the top of the Richmond in this area is esti- 
mated at approximately 145 feet 

The section of rocks, published in connection with Linney's 
description of the Clinton group, probably was obtained along 
the Lexington & Eastern Railroad, which, at the time of Linney's 
investigations, was in the process of grading. Railroad cuts 
were exposing all the strata northwest of Indian Fields, and 
Mr. Linney was a frequent visitor at the home of John Goflf, a 
mile south of Indian Fields. The rocks identified as possibly 
representing the Medina sandstone must be a part of the upper 
Richmond, since these are the only strata which are earthy, and 
friable, and which weather to a sandy mass. These rocks also 
are the only ones in which poor remains of a small species of 
Platystrophia, incorrectly identified as Platystrophia lynx, are 
at all frequent The form identified by Linney as Atrypa reticur 
laris may have been poor specimens of Strophomena sulcata, 
or poor specimens of Hrhertella. The shales, seven feet thick, 
undoubtedly belong to the Plum creek horizon. The overlying 
mass of heavy limestones belong to the Oldham section. The 
limestones below the Plum creek section belong to the Brass- 
field bed. The thin limestones forminjj the upper part of this 
bed are the fossil iferous part of the section. The heavy lime- 
stones beneath form the h«se of the BraJ^sfield bed. The under- 
lying limestones and shales, said to be eleven feet thick, and 
overlving the sandstones and shales identified doubtfullv as Me- 
dina, probably form the very top of the Richmond section, over- 
lying the fossiliferous layers of this part of the Richmond. 
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The seven feet of shales of this seetiou, called the Plum Creek 
clay in the present bulletin, were identified by Linney with his 
Crab Orchard shales on the basis of the thin limestone plates, 
the balls of iron pyrites, but more especially upon the epsom salts 
which they contain, a peculiar form of «tratigraphic identifica- 
tion not unknown in more recent times. The ferruginous layers 
at Kiddville, identified with the beds of hematite ore in the 
Clinton group in East Tennessee, bi^long to the Whitfieldella 
horizon, and to a second layer about two feet higher up, just bj»- 
neath the Plum creek clay. The Pentamerns ovalis of Linney 
probably consisted of good specimens of Whitfieldella suhquad- 
rata, broken out of the rock and almost entire. The A try pa 
reticularis could hardly have been anything except the interior 
casts of the upper part of the shell of the same Whitfieldella, 
close to the hinge line, especially parts showing the impressions 
of the muscular areas in the pedicel valve. Zaphrentis hilatcr- 
alls is the very common simple coral to which the name Cyatho- 
phyllum calyculum has Ikm^u applied in the present bulletin. 

The Niagara group of Linney's report on Clark county in- 
cludes the Alger formation. In the neighborhood of Indian 
Fields only the Lulbegrud clay, the Waco horizon, and the base 
of the Estill clay are exposed. At most localities in the northern 
part of the county the thickness of the Estill clay does not ex- 
ceed ten feet, and occasionally it is Iv^ss than five feet. The 
thickness of the Lulbegrud clav is about thirteen feet. That 
of the Waco limestone is about nine feel. So that here, as else- 
where, the measurements of Linney are not strictly accurate. 

The fossils in the thin limestones came from the Waco hori- 
zon. The small, round-stemmed corals are now known as bry- 
ozoans. Strombodcs pentagon us is some species of Arachnophyl' 
lum. AraehnophyUum mamiUare-distans is the most common 
species in the vicinity of Indian Fields. Favosites magarensw 
occurs, although oth(»r species are more common. The section 
of clay at Eastin's mill belongs to the Lulbegrud horizon. The 
well dug on the J. E. Grove property, northeast of Kiddville, on 
the Levee road, penetrated the same clay, the Lulbegrud horizon. 

D. Montgomery Coixty. 

In the report on the geology of Montgomery county, Linney 
uses about the same divisions of the strata, considered by him 
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as Silurian, as in the case of the report on Clark county. The 
Clinton group is described as being sixty feet thick, an increase 
of ten feet in thickness if compared with the Clinton group of 
Clark county. This is ascribed to an increase in thickness of 
the sandy (Ordovician) layers at the base, which, in the more 
western counties, Marion and Nelson, were identified as Medina 
sandstone. Above this sandy rock resembling the Medina, ac- 
cording to Linney, occur the rou^-bedded, heavy limestones 
(the Brassfield bed), the shales identified by Linney as the 
Crab Orchard shales (the Plum creek clay), and somewhat 
heavier massive layers, of which one, in one or two places, 
shows well a wave-like structure with large ridges (the Old- 
ham limestone). The Niagara shale (the Alger clay horizon) 
has about the same thickness as in Clark county, about eighteen 
feet ( Plate A. ) 

E. Bath County. 

In the report on the geology of Bath county, published in 
1886, Linney divides the rocks which he identifies as Bilurian 
into three divisions: the Medina, Clinton, and Niagara. To 
the Medina he assigns only ten feet of rock, sandy, more or less 
interbedded with shale, at present known to belong to the top 
of the Richmond division of the Cincinnatian series of rocks. 
To the Clinton he assigned limestones and shales having a total 
thickness of thirty-four feet, and presenting the following aver- 
age section, described in descending order : 

Thin Umestones and shales 2 ft 

Limestone 10 In. 

Shale 1ft. 9 in. 

Limestones 11 in. 

Shales and thin limestones 4 ft 

Iron ore 2 ft 

Thin limestone 3 ft 

Limestone layer 1 ft 

Wave-marked layer 1 ft 

Thin limestones 3 ft 

Shales 6 ft 

HeSavy limestone with chert 9 ft. 



n 



ToUl 34 ft 9 in. 

The trpper four members of this section, havingH total thick- 
ness of live and a half feet, belong to the Oldham horizon. 



KENTUCKY GEOLOGICAL SURVEY. 77 

The shales and thin limestones, four feet thick, represent the 
Plum creek section. Where the exposures are perfectly fresh, 
so that none of the limestone layers have slumped down over 
the soft clays, the Plum creek section in the neighborhood of 
Owingsville is seen to vary between seven and eight feet in 
thickness. The layer of iron ore, two feet thick, includes at 
its base the Whitfieldella subquadrata section. Wave-marked 
layers of limestone come in at several levels in the upper part 
of the Brassfield bed, usually within four feet of the iron ore 
bed, but sometimes immediately below the latter, and occasion- 
ally one of the layers immediately over the iron ore bed is wave- 
marked. This merely corroborates the testimony furnished by 
the pebbles just below the iron ore bed In some parts of southern 
Ohio, that there was shallow water during the deposition of the 
last parts of the Bfassfield bed and during the formation of 
the Whitfieldella and oolitic iron ore beds. The heavy lime- 
stone with chert at the base of Linne/s section forms the base 
of the Brassfield bed. 

The following fossils were identified as occurring in the 
rocks associated with the iron ore, probably occurring chiefly 
at and immediately below this horizon : Zaphrentis hilateralis 
(Cyathophyllum calyculum), small short forms of Atrypa reticur 
l<iri8 (caste of muscular areas of Whitfieldella) ^ Favorites niag- 
arensis, a short oval form of Pentamerus (Whitfieldella subquad- 
rata), a Chaetetes (some round-stemmed bryozoan), and large 
numbers of crinoid fragments. 

The clay shales identified as Niagara in Bath county be- 
long above the Oldham limestone horizon. They are said to 
vary in thickness from twenty feet in the western part of the 
county to 100 feet in the eastern part. Linney states that 
the peculiar features of these shales in Bath county are to be 
seen also around Crab Orchard, showing that he recognized that 
these clay shales, here identified as Niagara, found their equiv- 
alents in the clays above the Oldham horizon at Crab Orchard, 
in spite of the fact that in Clark county and in Montgomery he 
identified the Plum creek clav as Crab Orchard and used the 
term Niagara for the Alger clays occurring higher in the series. 
The presen-ce of the Waco horizon is suggested by the "identifi- 
cation of Strambodes pentagonus among the few fossils occur- 
ring in these so-called Niagara clays. 
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F. Fleming County. 

In the geology of Fleming county, publis*hed in 1886, the 
strata identified as Medina (belonging to the top of the Ordo- 
Tician) are said to be twenty feet thick. The heavy, cherty 
beds at the base of the strata identified as Clinton, are said 
to be eight to ten feet thick. The wave-marked layer, farther 
up in the series, is stated to be very persistent. The iron ore 
also is found at several localities, although usually absent. The 
strata identified as belonging to the Niagara group consist al- 
most entirely of clay shales, belonging lo the Alger horizon^ 

G. Mason County. 

In the report on Mason county, written in 1885, sandy rocks 
and clay shales, twenty feet thick, and belonging near the top 
of the Ordovician, are identified as Medina. The rocks identi- 
fied as Clinton are stated to have a thickness of thirty-five feet. 
These are said to consist of twelve feet of blue shales at the base 
(forming the top of the Ordovician), eleven feet of limestone, 
the larger part containing chert, and thirteen feet of shales alter- 
nating with layers of limestone. The strata identified as Niag- 
ara consists of fifteen or more feet of blue clay shales, weathering 
to a white clay soil; this part of the section probably belongs 
above the Oldham horizon, but represents only the base of the 
Alger formation, much greater thicknesses of the Alger clay 
being found farther east, in the exposures in Lewis county. 

Marion County. 

Linney correlated with the Crab Orchard shales also certain 
clay shales west of the Cincinnati geanticline, to the Indiana 
equivalent of which the name Osgood shales has been given. 
In the report on the geology of Nelson county, published in 
1884, Linney refers to the Crab Orchard shale horizon the Os- 
good clay shales seen so well exposed near the Church of the 
Holv Cross in Marion countv, not more than a mile and a half 
east of the Nelson county line. Knott, in his geology of Marion 
county, published in 18S5, repeated this reference of the Os- 
good clays near Holy Cnw^ Church to Ihe Crab Orchard hori- 
zon. In the report on Oldham county, published in 1887, Lin- 
nev does not refer to the Crab Orchard shales. 
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Beginning with his reports on Clark and Montgomery coun- 
ties, written in 1884, Linney appears to have become so thor- 
oughly satisfied as to the Niagara age of the great mass of clays 
forming the upper part of the Silurian section on the eastern side 
of the Cincinnati geanticline, in Kentucky, and as to the Clinton 
age of the underlying limestones and clays, that he had no fur- 
ther use for the term Crab Orchard shales, and therefore aban- 
doned it. The most difficult thing to understand is why, in the 
reports on Clark and Montgomery counties, he should have 
identified the Plum creek clay as Crab Orchard shale, and have 
made no reference to the Crab Orchard shale in his description 
of the far greater mass of clay shales which he identified as 
Niagara. 

It also is difficult to understand how he secured some of 
his measurements. In some cases it is absolutely impossible 
to verify these. He must merely have estimated these without 
any attempt at measurement. Nevertheless, aside from the re 
strictions here made, Linney did a great deal of faithful work 
on the geology of the limestone counties of the middle portions 
of Kentucky. He was obliged to cover large areas in a short 
period of time and without the advantages offered by later ob- 
servations in other parts of the field. His reports, in spite of 
all their defects, have furnished an excellent basis for further 
work, were a great advam*e on anything done before in the State, 
and always will stand as a monument to his industry. 



The Classification of Devonian Rocks. 



DEVONIAN LIMESTONE. 

Lithologically the Devonian deposits of Kentucky may be 
divided into two divisions, in descendinjr order: 

The Devonian Black Shale, and 
The Devonian Limestone. 

The Devonian limestone of Ohio is divided into the follow- 
ing formations, named in descending ord(*r: 

Delaware limestone, 
C!olumbus limestone. 
Unnamed division, nearlv unfossilifcrous. 
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The Devonian limestone of western Kentucky and southern 
Indiana is divided into the following formations^ also named in 
descending order : 

Sellersburg limestone, 

Jeflfersonville limestone, 

Geneva limestone, nearlv unfossiliferous. 

FAUNA OF DEVONIAN LIMESTONE. 

A list of the fossils found in the Columbus limestone within 
twenty-four miles of Columbus, Ohio, wa» prepared by E. and 
H. Hyatt and published by Prof. R. P. Whitfield in the Geology 
of Ohio, Vol. VII, page 434, in 1893. The fossils of the Jeflfer- 
sonville and Sellersburg formations were described by E, M. 
Kindle in the Twenty-fifth Annual Report of the Indiana Sur- 
vey, page 579, in 1901. A study of the brachiopoda of these 
faunas has suggested the following methods of comparison : 

Among the species listed by R. P. >A hitfield as occurring in 
the Columbus limestone within twenty-four milee of Columbus, 
Ohio, the following are not cited from the Devonian of Louis- 
ville, Kentucky, or from Indiana. The range of these species 
outside of Ohio is indicated in each case. 

Rhynchonella (?) raricosta. 
Camarotoechia hilUngsi; New York, Ontario. 
Camarotoechia dotis; New York. 
CharioncUa scitula; New York, Ontario. 
Spirifer macrothj/ris; New York, Ontario. 
Spirifer marcyi; New York. 

Stropheodon^a in^wquimdiata; New York, Canada, Ne- 
vada. 
Stropheodonta pafersofd: New York, Illinois. 
Strophonella ampla: New York, Ontario. 
Orthofhrfes fkthellnm. 

Orthothetes pandora: New York, Ontario, Nevada* 
Schizophoria propinqua; New York. 

Among the species listed by R. P. Whitfield as occurring in 
the Columbus limestone within twenty-four mileo of Columbus, 
Ohio, the following are cited also from the Jeflfersonville lime- 
stone of Ix)uisville, Kentu<»ky, or from Indiana. The distribu- 
tion of these species outside of Ohio, Kentucky, and Indiana is 
indicated in each case. 
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Camarotoechia Carolina. 

Eunella sullivamti; Ontario, Canada. 

Spirifer acuminatus; New York. 

Spirifer grieri; New York. 

Spirifer manni; New York. 

Meristella nasuta; New York, Ontario, Nevada. 

Crania crenistriata ; New York, Michij^an. 

Craniella hamiltoniae; New York, Canada. 

Chonetcs acutiradiatus: New York. 

Chonetes arciiatus; New York. 

Chonetes viciniiH: New York, Wisconsin, Nevada. 

PetUamercUa arata; New York, Ontario. 

Among this list the following are cited from the Columbus 
limestone of Ohio, and from both the Jeffersoiiville and Sellers- 
burg limestones at Louisville, Kentucky, or in Indiana. 

Camarotoechia tethys; New York, Ontario, Nevada. 

Cyrtina Mmiltonensis; New York, Pennsylvania, Mary- 
land, Ontario, Canada, Iowa, Nevada. 

Spirifer fornacula; Illinois, Wisconsin. 

Spirifer tegmentum. 

Spirifer varicoaus: New York, Canada, Nevada. 

Delthf/ris raricosta: New York, Maine, Ontario, Gaspe, 
Canada, Nevada. 

Reticularxa fimhriata: New York, Maryland, Virginia, On- 
tario, Canada, Illinois, Iowa, Nevada, 

Nticleospira coneinna; New York, Pennsylvania, Virginia, 
Ontario, Nevada. 

Stropheodonta demissa; New York, Pennsylvania, On- 
tario, Canada, Illinois, Iowa, Tennessee, Wisconsin, Ne- 
vada. 

Stropheodonta hemispherica : New York, Ontario. 

Stropheodonta perpl^jtna: New York, Pennsylvania, Mary- 
land, Maine, Illinois, Iowa, Wisconsin, Nevada, Ontario, 
Tennessee. 

Pholidostrophia ioiraensis; New York, Ontario, Illinois, 
Iowa, Michigan. 

Chonetes mncronatus: New York, Ontario, Gaspe, Nevada. 

Productella spinuUcosta: New York, Canada, Michigan, 
Wisconsin, Iowa, Illinois, Nevada. 
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Rhipidomella canuxemi; New York, Ontario, Michigan, 
Iowa, Illinois, Tennessee. 

Among this list the following species are cited from the 
Columbus limestone of Ohio, and also from the Sellersburg lime- 
stone at Louisville, or in Indiana: 

Tropidoleptus carinatus; New York, Pennsylvania, Illi- 
nois. 

Spirt fer duodcnarius; New York, Ontario. 

Spirifcr macvui^; New York. 

Spiriftr granulosus; New York, Pennsylvania, Maryland, 
Virginia^ Michigan. 

Roemerella grandis; New York. 

Chonetes yandellanus. 

Rhipidomella livia; New York, Ontario, Gaspe. 

Among the species listed by E. M, Kindle as occurring in 
the Jeflfersonville limestone of Louisville, Kentucky, and of 
Indiana, the following are not recorded from the Columbus 
limestone at Columbus, Ohio. The distribution outside of these 
States is added. 

ft 

Rhynchonella gainesi-cassensis. 

Rhynchonella depressa. 

Camarotoechia congregata; New York. 

Camarotoechia ndtida. 

Cyclorhina nohilis; New York, Ontario. 

Cryptonella lens; New York. 

Cryptonella otralis. 

Eunella harmonia; Ontario. 

Eunella lincklaeni; New York, Michigan. 

Cranaena romingeri; New York, Michigan, Iowa. 

Terehratula jucunda; Iowa. 

Airy pa eUipsoidra. 

Cyrtina (Tassa; New York. 

Spirifer datisi. 

Spirifer gregarius-greeni. 

Reticularia knappianunu. 

Reticularia wahashensis. 

MerxstvUa harrisi; New York. 

Crania green i. 

Crania granosa; New York. 
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atropheodonta plicata; Ontario, Iowa. 
Orthothetes atdistriatiis; New York, Pennsylvania, Can- 
ada, Nevada. 
Chonetes subquadratus. 
Productella semiglohosa. 
Pentamerella thusnelda. 
Camarospira eucharis; Ontario. 
Oypidula romin{/eri4tidian€mi8. 

The following species are listed both from the Jeflfersonville 
limestone and from the Sellersburg limestone, but are not re- 
corded from the Columbus limestone at Columbus, Ohio: 

Khynchonclla yu'incsi. 

Rhynchonella trnuistriata. 

Camarotoechia sappho; New York. 

Cyrtina hamiltoncnsis-recta : New York. 

Sinrifcr divaricatus; Canada, New York. 

Spirifcr (frcgarius; New York, Ontario. 

Spirifer hyrnesi. 

Amhocoelia umhonata; New York, Pennsylvania. 

Parazyga hirsuta: New York, Canada. 

Athyris fuitonemsis: Missouri, Iowa, Michifjan, Manitoba. 

Pentagama unisulcafa: New York, Ontario. 

Stropheodonta concara: New York. 

Stropheodonta inacqnlstriata: New York, Ontario, Wis- 
consin. 

Chonetes coronafus: New York, Pennsylvania, Ontario, 
Illinois, Wisconsin. 

Schizophoria sfriatula: New York, Wisconsin, Iowa, Illi- 
nois, Missouri, Nevada, Canada. 

PentumereUa pavilionensis: New York. 

The following species, listed by E. 31. Kindle from the Sel- 
lersburg limestone of Louisville, Kentmky, and of Indiana, are 
not recorded from the Columbus limestone, at Columbus, Ohio : 

Olosaina triangulata. 
Rhynchonella loiiisvillenMs. 

Ccntronella glansfagea: New Y^'ork, Ontario, Michifjan. 
Atrypa spinosa; New York, Pennsylvania, JIaryland, Vir- 
ginia, Ontario, Canada, Illinois, Iowa, Wisconsin. 
Spirifer raricosuft-hohhsi. 
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Spirifer arctisegmenttim; New York. 

Spirifer audaculus; New York, Wiscon&in, 

Spirifer iotcacnsis; Illinois, Iowa, Wisconsin. 

Spirifer macconathci 

Spirifer pennatua; New York, Pennsylvania, Maryland, 

Virginia, Ontario, Wisconsin. 
Delthyris sculptilis; New York, Pennsylvania, Ontario. 
Martinia suhiimhona; New York. 
Vitulina pustulosa; New York, Pennsylvania. 
Athi/rjs spiriferoides ; New York, Pennsylvania, Maryland, 

Virginia, Canada. 
Orhiculodea doria; New York, Ontaria 
Crania sheldoni; Iowa, 
Chonetes manitohensis ; Canada. 
Rhipidomella leucosia; New York, Maryland* 
Rhipidotnella goodwini. 

A study of these lists suggests, in the first place, that there 
18 a considerable similarity between the fauna of the Columbus 
limestone and that of the Jeffersonville and Sellersburg lime- 
stone. There is no strong evidence of the fauna in western 
Kentucky and southern Indiana having developed in a differ- 
ent basin from that occupied by the fauna of the Columbus 
limestone. Although the Cincinnati geanticline during the dep- 
osition of these limestones probably rose above the sea in north- 
central Kentucky and southern Ohio, there appears to have 
been free connection across the more northern part of the gean* 
ticline in central and northern Ohio and Indiana* This is i]> 
dicated not only by the similarity of the two faunas on oppo- 
site sides of the Cincinnati geanticline^ but also by the great 
outlier of Columbus limestone in Logan county, Ohio. 

The Columbus limestone includes the faunas of botJi the 
Jeffersonville and of the Sellersburg limestone. Twelve species 
listed from the Columbus limestone are recorded only from the 
Jeffersonville limestone, seven are recorded only from the Sel- 
lersburg limestone, while fifteen are recorded as ccmimon to 
both formations. The fossils common to the Columbus lime- 
stone and both to the Jeffersonville and Sellersburg formations 
in general have a wider geographical distribution than those 
common only to the Columbus and Jeffersonville limestones, or 
to the Columbus and Sellersburg limestones. By far the greater 
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part of the species described from the Devonian limestones of 
Ohio, Indiana, and western Kentucky have a geographical dis- 
tribution extending northeastward into New York, and Ontario. 
Part8 of the fauna reach Virginia and Oaspe. Parts reach 
western Tennessee, Illinois, Michigan, Wisconsin, and extend 
northwestward into Canada. In general there appears no strong 
evidence of a western fauna entering this field from beyond the 
Mississippi. Spirifer fornacula, Spirifcr iou^cn>fls, TcrchrU' 
tula jucunda, Athyhs fultonensis, Crania sheldoni, and Chonetes 
manitohenitis are among the few fossils suggesting the presence 
of a northwestern fauna. 

Even in Indiana, the faunas of the Jeflfersonville and Sellers- 
burg limestones are distinct only in the more southern parts 
of the State. Alnmt thirty-five miles north of Louisville, Ken- 
tucky, the ti^'o formations show a mingling of faunas, which 
becomes greater farther north. Und(»r these conditions it is 
not strange that tKe Columbus limestone should show the ele- 
ments of both the Jeflfersonville and Sellersburg faunas. 

Of the two formations recognized in Indiana, it is the Jeflfer- 
8<niville limestone which appears to extend in greatest develop- 
ment southward from Louisville to Lebanon, Kentucky, and 
thence eastward toward the eastern side of the Cincinnati gean- 
ticline. This is indicated bv the great abundance of corals in 
the Devonian limestones of Lebanon, Kentucky, many of which 
are known from the lower part of the Jeflfersonville limestone 
at Louisville. The brachiopoda from the vicinity of Lebanon 
include Spirifer divaricatus, Spirifer fornaeida, Spirifer vuri- 
C09US, and Reticularia fimhriata, listed both from Jeflfersonville 
and from the Sellersburg limestone; and Spirifer grieri, Spiri- 
fcr manni, Pentamerella arata, and Eunella harnuonia, listed 
from the Jeflfersonville limestone, cori'oborating the Jeflferson- 
ville affinities of the Lebanon fauna. 

From Lebanon, Kentucky, the Devonian limestone may be 
traced readily to Junction City and eastward. In the Paleon- 
tology of New York, Vol. VIII, Hall and Clarke figure Penta- 
merella amtov Spirifer fornacula and Reticularia fimhriata oc- 
cur in the lower part of the Devonian limestone at Duflftn^s cut, 
along the railroad, north of Junction City. 

No attempt ha« been made aa yet to study the fauna of the 
]>evonian limestone, east of the Cincinnati geanticline, in Ken- 
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tucky. In the Paleontologj' of New York, Vol. VIII, Hall and 
Clarke describe Crania facincola from the Devonian limestone 
of Crab Orchard. Pentagonia ufmulcata, Athyris fultonensin, 
Spirifer varicosus and Spirifer bt/itiesi are abundant at various 
localities near Crab Orchard. Corals are abundant and include 
many species. In his Kentucky Fossil Corals, published in 1885, 
W. J. Davis figures Michelinia plana and Blothrophyllum zaph- 
rentiforme from Crab Orchard. In his contributions to Indiana 
Paleontology, published in 1898 and 1904, G. K. Greene records 
Bfothroph i/llum houf/htoni and Ueliophyllum osculatum from 
Crab Orchard. Blothrophyllum cinctutnm, Michelinia insignis, 
Favosites placenta, and Trachypora omata occur in this vicin- 
ity. The great abundance of corals suggests the presence of the 
Jeflfersonville fauna here. There is a sufficient number of fossils 
here to determine the horizon definitely as soon as time can be 
found for careful collecting. 

In the vicinity of Moberly, Spirifer fomacula occurs. Near 
Indian Fields, Stropheodonta concava and Phacops rana are 
found. Along the railroad, half a mile west of Clay City, Reti- 
ciilaria fimhriata is seen. The Devonian limestone may be 
traced from Crab Orchard northeastward as far as Olympia 
Springs, in Bath county. Both the Jeff ersonvi lie and Sellers- 
burg faunas may be present in this area, but, at present^ not 
enough is known to determine the horizon, although the numer- 
ous corals at some localities suggest the presence of the Jeflfer- 
sonville horizon at least. In the absence of diagnostic fossils 
it is a waste of time to theorize, but these fossils can be ob- 
tained and eventually the relationship of these Devonian lime- 
stones of east-central Kentucky will be known. 

The long gap between the exposures of Devonian limestone 
in Bath county, Kentucky, and Pickaway county, Ohio, a dis- 
tance of almost 100 miles, prevents the use of any stratigraphic 
methods of determining the relationship of the Devonian strata 
of east-central Kentucky with those of Ohio. It is not unlike- 
Iv that the Devonian areas of eastern Kentucky and of Ohio 
are connected, but the overlap of the Devonian Black shale 
probably has covered up the connecting belt of strata, 

E. M. Kindle has correlated the Jeflfersonville limestone witJi 
the ComiferouR or Onondaga formation, and the Sellersbupjr 
limestone with the Hamilton formation of New York, The- 
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Sellersburg limestone, however, contains a considerable admix- 
ture of Onondaga forms, although traces, at least, of the Ham- 
ilton fauna are discovered. 



Fossils Cited by linney from Devonian Limestones of 

Eastern Kentucky. 



Linney correlated the Devonian, limestones east of the Cin- 
cinnati geanticline with the Oorniferous of New York, In his 
report on Lincoln county he cites from the waste of this lime- 
stone the following species: 

Zaphrentis corniculum, Lesueur {:=Ci/athophyllum cor- 

niculum ) . 
Zaphrentis gigas (=^gigant€a, Lesueur). 
Zaphrentis rafinesquii, Edwards and Haime. 
Cyathophyllum halli {=^Heliophyllum halU, Edwards and 

Haime). 
Fhillipsastrea gigas, Owen. 
CystiphyUum americanmn, Edwards and Haime. 
Spirifer oweni (^= granulosus, Conrad). 
Spirifer umhonata' {^Ambocoelia umhonata, Conrad). 

From the Corniferous of Garrard county Linney (*ites : 

Zaphrentis gigantea, Lesueur. 

Zaphrentis proliferum {=^prolifica, Billings ?). 

Heliophyllum halli, Edwards and Haime. 

Blothrophyllum decorticat u m , Billings. 

CystiphyUum americanum , Edwards and Haime. 

Phillipsastrea giga^, Owen. 

Orthis vanuxemi (^^Rhipidotnella ranuxemi, Hall). 

Spirifer oweni {=z granulosus, Conrad). 

Atrypa reticularis, Linnaeus. 

Platyceras ventricosum, Conrad. 

In the report on Clark county are cited : 

« 

Zaphrentis corniculum, Lesueur {^^Cyathophyllum cor- 

niculum). 
Heliophyllum halli, Edwards and Haime. 
Phillipsastrea gigas, Owen. 
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From the Comiferous of Montgomery county Linney cites : 

Zaphrcntis fftgas (^^gigantea, Lesueur). 
Zaphrentis proliferum {=prolifica, Billings ?). 
Cyathophyllum haUi {^^Heliophyllum halli, Edwards and 

Haime)^ 
Amplexus yandelli, EJdwards and Uaime. 
PhiUxpmJifrva gigas, Owen. 
Stromhodes knotfi, Davis. 

Cystiphyllum anwricanum, Edwards and Haime. 
Favorites epidermatus, Rominger. 
Favosites limit arts, Rominger. 

From the CJorniferous of Bath county Linney cites: 

Zaphrentis proliferum {=prolifica, Billings ?). 
Zaphrentis rafinesquu, Edwards and Haime. 
Cyathophyllum gigas {=^Zaphrentis gigantea, Lesueur). 
Cyathophyllum juvene, Rominger. 
Cyathophyllum halli (:=Heliophyllum halli, Edwards and 

Haime). 
Amplexus yandelli, Edwards an<J Haime. 
BlothrophyllufH americawum {^Cystiphyllum america- 

nwn f). 
Chonophyllum gigas {:=Zaphrentis gigantea f). 
Phillipsastrea gigas, Owen. 
Favosites limitaris, Rominger. 
Favosites troosti, Edwards and Haime. 

From the ore banks north of Preston in Bath county, where 
the Devonian limestone, the Comiferous of Linney, has been 
replaced in part by iron ore, Linney cites the following species : 

Orthis isinuxemi (Rhipidom^lla vanuxemi. Hall). 

Spirifer otceni {^granulosus, Omrad). 

Spirifer raricostatus {=zDelthyri^ raricostata, Oonrad). 

Spirifer umhonata (^=Amhocoelia umbotwta, Conrad). 

Atrypa reticularis, Linnaeus. 

Athyris spiriferoides, Eaton. 

Spirifer granulosus and Athyris spirifcroides occur in the 
Sellersburg limestone in Indiana. Delthyris raricostata. Am* 
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hococlia umhonata, and Rhipidomella vanuxemi are found both 
in the Jeffepsonville and 8eller«burg beds. The preponderance 
of corals is noteworthy. 



Varitttioiis in Thickness of Devonian Liniestone in East 

Central Kentucky. 



The Devonian limestone varies considerably in thickness. 
One of the thickest sections is exposed at the western end of 
Crab Orchard, north of the railroad, where it is nineteen feet 
thick. Two miles west of Crab Orchard, along tlie railroad, it 
is sixteen and a half feet thick. Two miles southwest of Crab 
Orchard, cm the Chai)el Gap road, it is eleven feet. Tliree and 
a half miles west of Crab Orchard, on the county road, it is 
eight and a half feet thick. Four miles west of Oab Orchard, 
on the Cox Gap road, the thickness is eleven and a half feet. 
About half a mile northwest of the last locality, it is six and a 
half feet. About a quarter of a mile farther west, the thick- 
ness may be five feet, but only two feet four inches- are exposed. 
The same may be said of an exposure a quarter of a mile far- 
ther west. A Khort distance farther west, five miles from Crab 
f)rchard, the clay resulting from the dnay of the Devonian 
limestone suggests a thickness of only one foot. Farther west, 
as far as the Neal Creek church exposure, the l)(»vonian ap- 
pears absent. These obsenations indicate an irregular thin- 
ning of the Devonian linu^stone section from Crab Orchard 
westward as far as Neals Cnn^k church. 

Northwestward, toward Junction City, there is an irregular 
thickening of the Devonian limej«tone. At the Duffin cut, north 
of Junction City, the thickness is eighteen fcK^t. Thick sections 
of Devonian limestone occur also southwest of Stanford. About 
five miles southwest of Hustonville, at the store owned by E. 
H. Kidd, the total Devonian limestone section has the remark- 
able thickness of fortv-si^ven feet. FurthcT S'tudv sh(mld be 
given this section, since here seme of the layers poorly repre- 
sented in the thinner sections are likely to be represented by 

thicker beds or bv a series of lavers. 

* • 

East of Crab Orchard the Devonian limestone section ap- 
pears to be thinner, the recorded measurements varying from 
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fourteen to fifteen and a half feet. But farther east, if the De- 
vonian limestone were exposed, it mi^ht be found that thicker 
sections oceurivd again. The well record near Mullins Station, 
in Eockcastle county, suggests a thickness of twenty feet. 

Another thick section of Devonian limestone occurs three 
miles southwest of Cartersville, where the road to Crab Orchard 
crosses the headwaters of Harmon creek. Here the Devonian 
limestone is seventeen feet thick. Half way between this local- 
itv and Crab Orchard the thickness of the Devonian limestone 
is only six feet, so that the Devonian limestone appears to be- 
come thinner from both areas toward this middle region. With 
the exception of the exposure near the headwaters of Harmon 
creek, the various recorded sections of the Devonian limestone 
between Lancaster and Berea varv from eleven to thirteen feet. 
Possibly the Devonian limestone thins out northward in this 
area, but if this is the case no evidence of such thinning has 
l>een discovered as yet, except along the railroad north of Berea. 
Here, directly north of Berea, the thickness of the Devonian 
section is thirteen and a half feet. Four miles north of Berea 
it is rcduccHl to three inches. 

Evidences of thinning are seen also in going from Berea 
northrast, toward Bobtown. In the vicinity of Bobtown, and 
from this region for at least three miles toward the east and 
northeast, the thickness of the Devonian limestone is reduced 
to about one foot or less, except at the Mat Moody store, a mile 
and a quarter toward the scmtheast of Bobtown. Here the thick- 
ness of the Devonian limestone is at least four feet four inchcHU, 
again suggesting an irregular thinning of the Devonian lime- 
stone toward the north. 

Farther northeast the Devonian limestone section thickens 
again. Between Berea and Brassfield it varies between five 
and seven feet. Near Rice Station it shows the remarkable 
thickness of twenty-one and twenty-three fe(^t, in large part 
due to the introduction of great quantiti(*s of chc^t. Near 
Irvine the Devonian limestone sections do not appear to ex- 
ceed eleven feet, but thickcT sections are suggested by same 
of the well records east of Irvine. 

Northwest of Rice Station several thick sections of Devonian 
limestone are known. Wc^t of Cobb U'vvy it is twenty-one and 
a half feet thick. A mile and a half farther west, at the head 
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of Falling branch, the thickness is at least eighteen feet South- 
west of EUiston it is nearly sixteen feet These observations 
indicate a thinning of the Devonian limestone southwestward 
from Rice Station and Moberly toward Bobtown and Whites. 
Ureat variations in thickness are noted between Blliston and 
Cobb ferry. Near Waco the Devonian limestone does not ex- 
ceed five feet 

Thick sections are exposed also near College Hill, and far- 
ther northward, on the road to Jackson ferrj'. At the more 
northern localities some of the measurements indicate thick- 
nesses of seventeen feet and more. 

Northeast of a line connecting Rice Station, Cobb ferry, and 
Jackson ferry, the thickness of the Devonian diminishes again. 
Near Vienna, measuremenfts of eight and eleven feet are re- 
corded. At Log Lick and northward the thicknesses vary be- 
tween five and seven feet Half a mile south of Indian Fields 
it is six feet. I»cally it is less. A quarter of a mile south 
of Indian Fields, for instance, it is two fw^t and a half. Be- 
tween Indian Fields and Clay City most of the sections of De- 
vonian limestone vary between four and a half and seven feet, 
but about three and a half miles west of Clav Citv, b(>tween 
Hudson mill and Snow Creek church, there is a section in 
which the Duffin layer alone has a thickness of nine feet, and 
the underlying cherty Devonian limestone also is known to 
have considerable thickness. 

A mile northeast of Indian Fields the thickness of the De- 
vonian limestone varies between eight and ten feet. Between 
these localities and Spencer no sections thicker than three feet 
have been found so far, and between Levw and Jeflfersonville 
are several localities where the thickness is less than two feet. 
At Spencer, sections nine and twelve feet thick are knoAvn. 
A mile south of Preston there is a section eight feet thick. Two 
miles east and west of this locality the thickness does not ex- 
ceed three feet 

From the preceding observations it may be seen that the 
Devonian limestone varies c^onsiderablv in thickness when 
traced along the line of outcrop in east-central Kentucky. In 
certain areas it appears to become thinner on approaching the 
Cincinnati geanticline, but if this thinning be general it is 
too irregular readily to be detec*ted along the greater part of 
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the eomparatiyely narrow belt of expoHures. Possibly the al- 
ternate thickening and thinning of the Devonian limestones 
when traced along the belt of exposures is due to the former 
presence of a series of minor folds^ subsidiary to the great Cin- 
cinnati geanticline, and more or less transverse to the eastern 
slope of the latter. A greater number of observations are needed 
to decide this matter. Possibly the records of wells bored for 
the purpose of securing oil may in the course of time yield val- 
uable evidence. At present these records often are very mis- 
leading. 



Minor Subdivisions of Devonian Limestone in East- 
Central Kentucky. 

No careful study of the fauna of the Devonian limestone of 
eastern Kentucky has been attempted so far, nor has any at- 
tempt been made to determine how far the stratigraphic units 
present in different sections may be traced. Two layers, how- 
ever, have attracted attention on the part of all observers, and 
will receive special consideration in the following discussion. 
One of these occurs at the base of the series of Devonian lime- 
stones, and the other is found at the top. The first is char- 
acterized by the presence of fish remains, the latter often has 
a brecciated appearance, and here is called the Duffin layer. 
The relative i>08ition of these layers may be indicated as follows : 

Duffin layer, usually several feet thick, often 
appearing brecciated. 

Limestone, sometimes richly fossiliferous and 
often cherty, usually forming by far the 
greater part of the Devonian limestone sec- 
tion. 

Kiddville layer, thin layer ^ith fish remains. 

The middle part of the Devonian scvtion often contains great 
quantities of chfTt. This is true especially in the neighborhood 
of faults. In MJoino localities, for instance near Rice Station, 
the <iuantity of cIktI cxccmmIs the (|uantity of original Devonian 
limestone. At some localities, wh(Te the Devonian limestone 
19 very thi<*k, for this part of Kentucky, very little chert or 
none at all is f(mnd in the limestone, so that the distribation 



Devonian or Boyle 
limestone 
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of the chert appears, to be quite irregular. All of this chert 
appears to be the result of segregation^ most of the silica prob- 
ably being derived from the decay of overlying strata, and being 
carried in by percolating waters. Where rocks were more or 
less brecciated, the opportunity for the accumulation of chert 
seems to have been much increased. 

KiDDViLLE Layer with Fish Remains. 

At the Duffln cut^ three quarters of a mile north of the rail- 
road crossing at Junction City, the entire thickness of the De- 
vonian limestone is fully eight<*en feet. The lowest layer, two 
feet six inches thick, consists of dense, light grey limestone. 
One specimen of Reticularia fimhriata, and several large mark- 
ings known as Taonurus caudagalli, occur near the base. Fish 
teeth are found within an inch of the base. Specimens of 
Taonurus caudagalli, occur also at higher horizons in the De- 
vonian limestones of Kentucky. For iDPtance, a little over two 
miles southeast of Crab Orchard, where the Devonian limestone 
is about fourteen feet thick, the lower part of the exposure, four 
feet thick, contains small Spirifers and other brachiopoda, while 
the immediately overlying layers contain the Taonurus caur 
dagalli markings. 

Four miles north of Berea, and half a mile south of White 
station, the Devonian limestone is reduced to only three inches 
in thickness, consists of blue, argillaceous, gritty limestone, 
and contains fish remains. A mile anl a half farther south, the 
layer with fish remains is only one inch thick; but it is overlaid 
bv Devonian limestone, two feet four inches thick, and bv the 
cherty Duffin layer, w-hich was not measured. Nearer Berea 
the total thickness of the Devonian limestone is thirteen feet 
six inches. At the localities between Berea and Whites there 
are found both fish teeth and the tuherculated plates, which 
have been referred by Linney and Knott to MacropefalichtJn/s, 
but which have not been carefullv studied as vet bv those con- 
versant with fossil fish faunas. In the area extending from the 
locality half a mile south of Whites station to the localities 
about three miles almost directly east of Bobtown, the thickness 
of the Devonian limestone frequently is less than one foot. At 
the most eastern loealitv in this ar^i, at the headwaters of 
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Drowning creek, it varies between two and six inches or may 
be entirely absent; traces of fish remains are found. 

A mile and a half east of Moberly, on the western side of 
Muddy creek, southwest of Elliston, the thickness of the De- 
vonian limestone appears to be fifteen feet eight inches. The 
lowest layer consists of gray, well-bi»dded, sandy limestone, two 
feet thick, overlaid by an equal thickness of similar rock; be- 
tween these layers of limestone there is a thin film of rock con- 
taining fish teeth and small black nodular particles. Wherever 
these nodular partich^s occur, careful search will usually result 
in the discovery of fish remains, and in this connection, there- 
fore, it is of interest to note that in the area between Whitea 
and the localities three miles east of Bobtown, where the thick- 
ness of the Devonian limestone is so much reduced, the black 
nodular particles are rather common, and the rock is decidedly 
sandv. 

Along the exposures extending from a quarter of a mile south 
of Indian Fields up a small stream to the rear of the home of 
John Goff, the layer with fish remains, both teeth and tubereu- 
lated plates, occurs. Direi*tly south of Indian Fields, the layer 
containing fish remains is about a foot thick, and quite sandy. 
The total thickness of the Devonian limestone is about two and 
a half feet. North of the home of John (ioff the Devonian lime- 
stone se<*tion is fullv six feet thick. The lowest laver, five 
inches thick, contains fish remains an-l the tiny black nodular 
particles. The overlying layer of ferruginous brown limestone, 
eleven inches thick, contains fish plates. This is followed by 
sandy rotten stone, one foot six inches thick. About a mile 
east of Indian Fields, at the Hollywood or Stuart mill, where 
the Devonian limestone is ten feet thick, the lowest layer con- 
sists of rnldish brown limestone, four feet four inches thick, 
with Phacopa rana. This layer is belioved to correspond to the 
reddish brown limestone with tuberculated fish plates found 
north of the home of John OofT. Above this horizon at the Hol- 
lywood locality is found a sandy rock, one foot nine inches thick, 
containing the tiny black nodules and the fish remains. Half a 
mile sontheast of the Hollywood mill, at the spring north of 
the home of Will I^wrence, north of the oil spring, fish re- 
mains ocrur at the base of the Devonian section, in a crumbling 
layer four inches thick. The overlying massive limestone, three 
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feet four inches thick, is believed to correspond to the layer 
with tuberculated plates occurring noith of the home of John 
Ooff. The overlying layer is one foot three inches thick, and 
is shaly rock. The total thickness of the t)evonian limestone 
here is nearly nine feet A mile and a half southeast of Indian 
Fields, at the Eastin mill, and several miles down stream at 
the Abbott mill, the fish layer occurs again, at the base of the 
Devonian limestone. It is fimnd at the base of the Devonian 
limestone also half a mile west of the bridge at the western end 
of Clay City, along the railroad; two miles southwest of Clay 
City, at Tipton Ferry; at both localities in sandy limestone 
about half a foot thick. 

About a mile south of Preston, east of a small branch enter- 
ing Mill crwk from the west, the thickness of the Devonian 
limestone is fully eight feet. The layer with fish n»mains oc- 
curs at the base of the Devonian section and is only three inches 
thick. A magnificent exposure of the layer with fish remains 
occurs about a mile west of Prestim, along the railroad. 

Eight miles east of Owingsville, in the extreme western part 
of Eowan county, northwest of Moore's ferry, a layer of lime- 
stone, thirt(H»n inches thick, containing Taonunis camlaf/aUl. 
occurs at or near the base of the Devonian black shale. The 
rock has a grayish color and apparently belongs to the base of 
the Flack shale series rather than to the Devonian limestone 
scries of more southwestcTn exposures in Kentucky. 

In the Linney reports on the geology of the various counties 
bordering central Kentucky, the layer with fish n^mains is re- 
ferred to the Oriskaiiy. In his report on Lincoln county the 
following section is published from a locality above the junc- 
tion of Flax or Flades creek with Dix river, described in de- 
scending order: 

Heavy corniferous limestone layer 33 in. 

Covered space 12 In. 

Drab sandstone 12 In. 

Rock weathering to olive shale 16 in. 

Sandstone with cauda-fjalU fucolds 3 in. 

Sandstone with cauda-tfaUf fucoids 20 in. 

Magnesian Hmestone 2 in. 

Magnesian limestone 27 in« 

Crab Orchard shale. 
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The luagnesian limestone at the base of the seetion is said 
to contain a Hpirifer two and a half inches in length. This 
Spirifer must be one of the Devonian species, no Spirifer of 
this description being known in the Silurian of Kentucky or 
neighboring States. The large Spirifer mentioned by Linney 
may be the same as a species three and a half inches in length 
along the hingeline which occurs at the western end of Crab 
Orchard, north of the railroad, about three feet above the base 
of the Devonian limestone. Unfortunately, no attempt was 
made to cut the specimens out of the rock and therefore the 
species can not be identified at present. The layers with 
Taofmrus candagalli occur two and a half feet above the base 
of the Devonian according to the published section. There can 
hardly be any question of the Devonian age of the magnesian 
limestone layers in the Linney section in view of the fact that 
near the home of Mr. Howard, north of the railroad, two miles 
east of Crab Orchard and only a mile and a quarter southeast 
of the locality describtd, there is an exposure at which layers 
containing Taonunis cdttdagalli are underlaid bv limestone four 
feet thick, containing undoubted l)(»voiiian brachiopods. The 
so-called sandstones of Linney's section are gray limestones. 
Th(»se he correlat(»s with similar rocks at the base of the De- 
vonian section in Boyle and Marion counties containing spines, 
tc*eth, and plates of large fishes. Th*? tuberculated plates he 
identifies with the genus Macropcfalirhihi/s, and states that the 
rocks h(Te di*scrihed might r(»present both the Oriskany sand- 
stone and the Canda-fjaUi grit of New York. 

In the report on Clark county, Linne\ refers to the Oriskany 
a lay(*r (»f stone about one foot thick, nearly white where ex- 
posed in the bi^ of creeks, but of a rather dull, dirty blue when 
broken, containing in the lower part bones, spines, plates, and 
teeth of fish(»s, most of which had been ground into pebbles be- 
fore th(\v were left to be consolidated into rock. Some of the 
small te<»tli, how(*ver, arc* whole, and the tubcTcIes on some of 
the plates are well presented. At some localities the layer with 
fish remains is chiefly a limestone; at (.thers it contains enough 
silicious matter to rank as a sandstone. The presence of the 
single lay(T of rock containing fi»h remains and TaonuruH 
canda-fjaUi is noted also in the report on ifontgomery county, 
under the name Ori^kanv sandst<me. In the report on Bath 
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county the layer with fish remaiiis is stated to be present in 
Marion, Boyle, Lincoln, Garrard, Madison, Clark, Montgomery, 
and Bath counties. It is described at5 consisting usually of a 
single layer of dirty, bluish grey, tough stone, containing sand, 
lime, and alumina, and marked by Taouurus cauda-galli. In 
the lower part, at nearly every exposure, it contains quantities 
of the remains of bones, fins, and teeth of fish, with phosphatic 
nodular masses which may have been the excrement of the same 
form of life. Barely a few casts of shells are seen, among others, 
a well preserved cast of Conularia. This layer usually has a 
thickness of twelve to eighteen inches, but at some points in 
Bath county, according to Linney, rises to a thickness of about 
three feet. 

DUFFIN I^VYEU. 

In the report on Lincoln county, Linney describes the Duffln 
laver as follows. In Lincoln, and to some extent in Bovie 

•,7 « 

county, there is to be seen a very peculiar rock, varying from 
two inches to twelve feet in thicknef^s, at times having very 
much the appearance of a breccia. This rock has a massive 
gray base, and at some localities apparently fragments of a 
brown rock are distributed through it irregularly. At other 
localities, the brownis-h particles do not appear to have resulted 
from brecciation, but from the alteration of fossils. It is doubt- 
ful whether any part of this rock is brecciated. The layer is 
well exposed in the railroad cut near McKinney's station and 
in the cut near Jun(*tion City, on the edge of Boyle county. A 
fragment sent to Dr. Bol)ert Peter was described by him as a 
dark gray, fine-grained rock, mottled with whitish and light- 
yellowish gray spots of various sizes and shapes; containing 
small cavities, some lined with small quartz crystals, some 
filled with calcite and containing semi-opal. The rock contains 
bituminous matter, the irregular infiltration of which has 
caused some of the mottling. In the ri port on Garrard county, 
the DuflSn layer is described as appi^aring as though it had been 
made of the broken, angular pieces of ^ome rocks, cemented in 
a base having another shade of color, but Linney states that 
he found it impossible to determine whether the rock was a 
true breccia, or whether the brecciated appearance resulted 
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from the alteration and removal of fossils. In the report on 
Clark county, the Duffin layer is called the brecciated layer. 
In the report on Montjromery county it is stated that the layer 
resembliu*^ a breccia is rarely seen. No mention is made of 
the Duffin laver at anv of the localities farther north. 

The typical exposure occurs at the Duffin cut (See Fig. 2, 
Plate 8), three (|uarters of a mile north of Junction City. Here 
the Duffin layer forms the top of the Devonian limestone sec- 
tion. The rock weathers to a brownish color, and the weathered 
surface shows some small quartz concretions. The lawr con- 
tains a few crinoid stems and corals, and also some fucoidal 
markings. It is six feet thick, the thickness of the entire sec- 
tion of Devonian limestone being about eighteen feet. 

About six miles east of Junction City, and three and a half 
miles northwest of Stanford, the Duffin layer is nearly six 
feet thick. About a mile west of Stanford, at the Buffalo spring, 
the Duffin layer is at least five feet thick, and the Devonian 
section is at least eleven feet thick. Thirteen miles southeast 
of Stanford, on the Cox Gap road, the top of the Devonian lime- 
stone has a brecciated appearance. A little over two miles west 
of Crab Orchard, along the railroad, the thickness of the Duffin 
layer is two and a half feet. At the western end of Crab Orchard, 
north of the railroad, the brownish rock, considered (*<|uiva- 
lent to the Duffin layer, is eight inrhes thick. Similar rock 
is poorly exposed at tlie home of Bill Monk, a little over a mile 
southeast of the railroad station at Crab Orchard, north of the 
railroad. A mile and a quarter north of the center of Crab 
Orchard, on the Lancaster road, the Duffin layer is four inches 
thick. 

About three miles northeast of Crab Orchard, and a quarter 
of a mile south of Fall Lick creek, the Duffin layer is four 
inches thick. About two and a half miles south of Ilammack, 
south of Harmon creek, the thickne«;s of the brownish rock, 
which may represent the Duffin layer, is one foot. Beneath this 
rock is a thin streak of black shale, overlying, in descending 
order, limestone, six feet thick; soft rock, weathering back, 
five and a half feet thick; and bluish argillaceous rock, four 
and a half fe(»t thick; a total of seventeen feet of rock belonging 
to the Devonian limestone section. Two miles southeast of 
Ilammack the Duffin layer is eight feet thick; two miles north- 
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west of Hammaek, on the road to Point Leavell, it is five and 
a half feet thick; three and a half miles southeast of Lancaster, 
on the road to Hammaek, it is five and a half feet thick. Three 
quarters of a mile east of Cartersville, where the rock is much 
disturbed, the thickness appears to be eleven feet, and seems 
to include all of the Devonian limestone at this point. Two 
miles northeast of the last locality, near the home of Charles 
Baker, the Duffin layer is four fc^t thick, and the entire thick- 
ness of the Devonian limestone appears to be about eleven feet. 
About a mile east of the last locality, three miles southwest of 
Berea station, the Duffin layer is five and a half feet thick; 
it contains frajjments of crinoid stems and cyathophylloid cor- 
als. The total thickness of the Devonian limestone is twelve 
and a half feet. 

Half a mile north of Berea station the Duffin layer is five 
feet thick. It is exi>osed again about a mile farther north. 
Brecciated appearing rock occurs near the bridge over the rail- 
road at Brassfield; it is a foot and a half thick, the total thick- 
ness of the Devonian limestone being seven feet. Three quar- 
ters of a mile southwest of Rice Station the Devonian limestone 
section appears to be twenty-three feec thick; at the top is a 
brownish layer, four feet thick, which appears to be equivalent 
stratigraphically to the Duffin layer. >Jearer Rice Station this 
brownish limestone is only one foot four inches thick. 

East of Moberly, immediately southwest of Elliston, the 
Duffin layer is two and a half feet thick. West of Cobb ferry 
the Duffin layer has the brecciated appearance, is five feet thick, 
and contains fragments of crinoid stems and Favosifes, with 
some chert at the base. Three miles north of College Hill, where 
the Devonian- limestone section is fullv twentv feet thick, a 
brownish layer of rock, which may be the equivalent of the 
Duffin layer, appears at the top of the section. It is one foot 
thick, and separated by black shale, nine inches thick, from 
brownish rock, three feet thick, containing abundant specimens 
of Taonuriis caudagalli. The top of the cherty layers is one foot 
three inches lower down. The layer with Taonurus caudagalli 
found in the extreme western part of Rowan county probably 
is to be correlated with this upper Taonurus horizon rather 
than with the lower horizon, near the base of the series of De- 
Tonian limestones, near Crab Orchard. 
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Three quarters of a mile southeast of Vienna, near the home 
of James Stone, the Duffin layer is five feet thick. Southwest 
of Vienna, near the home of Old Jones* Finnell, the top of the 
Devonian limestone section consists of hard brown limestone, 
five feet three inches thick, underlaid bj brecciated appearing 
rock, one foot thick; soft rock, one foot thick, and cherty lime- 
stone, six feet thick. This position of the brecciated appearing 
layer is unusual. Near Log Lick church the Duffin layer is 
two feet thick. A mile northward, at the J. T. Elkins locality, 
it is replaced by argillaceous rock, thrc^ feet thick. Between 
Arlen and Kightangle the Devonian exposures are five feet thick ; 
the greater part of the rock has a brecciated appearance, but 
the lower part, eighteen inches thick, contains considerable 
chert Three and a half miles west of Clay City, on the road 
from Hudson^s mill to Snow creek church, the argillaceous rock 
at the top of the Devonian limestone section is nine feet thick, 
contains Devonian brachiopods, and appears brecciated only at 
the base, in this respect resembling the exposure southwest of 
Vienna. 

The Duffin layer is exposed northwest of Indian Fields, 
along the railroad. At the oil spring, southeast of the hotel, 
about a mile northeast of Indian Fields, the brecciated appear- 
ing layer is one foot thick and is separated from the underlying 
solid^ light brown limestone by black shale, two inches thick. 
The overlying rock, ten inches thick, is similar in general ap- 
pearance, but does not show the brecciated feature; farther up, 
the rock is more shaly and graduated into the black shale series. 
At the Hollvwood or Stuart mill, the Duffin laver is one foot 
eight inches thick. At the spring near the home of Will Law- 
rence, it appears to be nearly four feet thick. East of Spencer, 
west of Slate creek bridge, the Duffin layer is one foot six inches 
thick and is overlaid by brownish limestone, four feet three 
inches thick, which does not have the brecciated appearance. 
Al>out a mile south of Preston, east of a small branch entering 
Mill creek from the west, the top of the Devonian limestone 
section consists of brownish rock, two feet six inches thick, with 
traces of the brecciated appearance. 

The list of localities here given is .sufficient to show the very 
general distribution of the Duffin layer. During the progress 
of the field work it was noted that the Duffin laver sometimes 
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presented the brecciated appearance and sometimes not. Un- 
fortunately, the recorded notes do not indicate with sufficient 
exactness the degree of brecciation suggested by different ex- 
posures, nor attempt a very exact correlation of the brecciated 
appearing layer with those not showing this feature, but which 
probably belong to the same horizon. Hence one of the series 
of observations necessary for a solution of the problem as to the 
brecciated appearance of the Duffln layer is not at hand. Care- 
ful study does not warrant the opinion that the small angular 
appearing particles, seen in the otherwise homogeneous appear- 
ing rock, are fragments of some earlier rock, broken up and 
washed in from some outside source. As far as present obser- 
vations go, the brecciated appearance is seen best near lines 
of faulting, though present in rocks at some distance from 
faults. 

Possibly, in the processes of folding and faulting, long after 
the deposition of the overlying rocks, there was a slight shift- 
ing of layers over one another. Such a shifting of layers may 
have caused the contorted appearance of certain layers in the 
Cynthiana or Point Pleasant formation, in the Garrard bed, and 
in the so-called mudstones (Tate) of Mason county, belonging to 
the Paipqdcunt bed. In the case of the Duffin layer this motion 
of layers ovei#ono another may have resulted in an irregular dis- 
tribution of pressures within the rock, which at first did not 
reveal itself in any manner, neither by a system of cracks nor 
by differences of color. But in the course of time certain par- 
ticles were affected slightly differently chemically than others, 
this difference finally leading to the differences in color now 
observable between the apparent fragments and the enclosing 
general body of the rock. It must be acknowledged, however, 
that it is difficult to determine how such an interpretation can 
be made to explain the differences in chemical composition 
shown by the analyses furnished by Professor Peter, since, ac- 
cording to these analyses, the proportion of silica and alumina 
is twice as great, and the proportion of ferrous iron is less, in 
the gray component of the Duffln layer than in the white com- 
ponent, while the proportion of other ingredients is about the 
same. 
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The Devonian Black Shales. 

Near Columbus, Ohio, and northward, the Ohio black shale 
is underlaid by the greenish Olentangy shale. In the northern 
part of that State the Ohio shale is divided into the following 
subdivisions, named in descending order: 

Cleveland shale. 
Chagrin formation, 
Huron shale. 

Until more is known of the paleontology of these divisions 
in northern Ohio, it is idle to attempt to determine whether 
the Devonian black shale of Kentucky includes elements of all 
three of these sulxlivisions or whether it is to be correllated 
with only one of them. There is no doubt of the rapid decrease 
in thickness of the Black shale formation on going southward 
into Kentucky. It is stated by Prof. Charles S. Prosser that 
the top of the Ohio shale in southern Ohio corresponds with 
the top of the Cleveland shale, and that Andrew^s Ohio shale 
is equivalent to the Huron, "Erie (Chagrin formation), and 
Cleveland shales of Dr. Newberry in northern Ohio. This state- 
ment suggests a similar view of the Devonian black shale, at 
least in northern Kentucky. Farther southward, where the 
shale becomes more attenuated, it is probable that one or more 
of these divisions, or, at least, considerable portions of them, 
may be found absent 

Variations In Thickness of Black Shale. 

South of Lebanon, the thickness of the Devonian Black 
shales is forty-one feet. At Junction City, southwest of the 
Duffin cut, the aneroid barometer indicated a thickness of about 
sixty teety but this instrument is known not to be strictly re- 
liable. Two and a half miles west of Berea the recorded meas- 
urements indicate a thickness of eighty-five feet, but there is 
no means, at present, of determining the amount of dip. 
South of Indian Fields the thickness is 127 feet Northeast 
of Indian Fields, about a mile, the thickness is 125 or 130 feet. 

The well records in Powell county suggest thicknesses of 125 
to 135 feet. The well records in ^fenefee county indicate thick- 
nesses varying from 135 to 160 feet. In the extreme eastern 
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edge of Bath county, in the Kagland field, even greater thick- 
nesses are indicated. From the rei'ords of about fifty wells, 
J. B. Iloeing estimates the average thickness of the Devonian 
black shale at 205 feet* 

Mr. Hoeing gives the following estimated thicknesses of the 
Devonian black shale on going from Bath county westward, 
these estimates being derived from the outcrops :* 

Bath county 136 ft 

Montgomery county IID ft 

Clark county 100 ft 

Powell county 100 ft 

Estill county 100 ft 

Garrard county 50 ft Estitnate too small. 

Marion county 60 ft. 

Nelson county 50 ft 

Larue county 65 ft 

Bullitt county 70 ft 

Jefferson county 100 ft 

These estimates indicate a general thinning of the Devonian 
Black shale southward. From Marion countv this southward 
thinning continues as follows: 

Marion county 60 ft 

Casey county 45 ft 

Russell county 40 ft 

Clinton county 30 ft 

Cumberland county 25 ft 

Monroe county 20 ft 

This thinning of the Black shale continues southwestward 
through Tennessee. Along the Harpeth river, southwest of 
Nashville, the thickness is about twenty feet. Farther south 
the measurements usually vary between five and eight feet, 
and in some of the more southern areas the Devonian black 
shale is entirelv absent. 

The Devonian black shale thins also westward. Mr. J. B. 
Hoeing, however, publishes certain measurements secured from 
well records, which, if corroborated by the diamond drill, in- 
dicate a thickening of a very unexpected kind west of the Cin- 
cinnati geanticline, in Kentucky at least. These records are 
as follows:* 

^ Th« Oil and Gas Sanda of Kentucky, Kentucky Geological Survey. Bulletin No. 1. 1904. 
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Breckenridge county 95 ft. 

Hart county 105 ft 

Warren county 90 ft 

When it is cousidered that in the neighborhood of C5timber- 
land City, in north \v(*stern Tennessee, the Devonian black shale 
is only about ten feet thick, and that in western Illinois, in 
Jersey county, north of St Louis, only traces are left, the im- 
portance of these statements by Mr. Hoeing will be evident. 
In some parts of Union county, in southern Illinois, Black 
shale, fifty to seventy feet thick, is recorded by Worthen. 

In the "Fluor Spar Deposits of Southern Illinois," published 
in 1905, H. Foster Bain states that the Black shale near Hicks, 
in Hardin county, Illinois, the third county east of Union 
county, is at least fifty feet thick, and that probably one hun- 
dred feet or more are present. 

Nothing is known at present of the thickness of the Devoni- 
an black shale in the area between southern Illinois and Breck- 
enridge, Hart, and Warren counties, in Kentucky. 

The Black shale is the great knob formation of Kentucky. 
All around the Ordovician and Silurian area of central Ken- 
tucky it produces the numerous »teep rounded hills here known 
as the knobsw The abrupt change from the fertility of the Ordo- 
vician and Silurian an»a« to the comparative barrenness of the 
knobs is noticed even by the most careless obeen'er. In Ohio, 
drain pipes have been burned from the clays resulting from the 
decay of the Black shale. At some localities a deep red brick 
has been obtained. 

Basb op Black Shale Section. 

Sandy rock, six inches thick, appears at the base of the Black 
shale section, five and a half miles southwest of Berea station. 
At Abbott's mill, two and a half miles south of Indian Fields, 
the top of the Devonian limestone shows worm borings. North 
of the home of John Goff, half a mile south of Indian Fields, 
a sandy rock with worm borings appears at the base of the 
Black shale section. 

At some loc»alitifs a thin streak of Black shale is seen be- 
tween a layer of brownish rock, believed to belong to the Duffln 
horizon, at the top of the Devonian limestone section, and the 



KENTUCKY GEOLOGICAL SURVEY. 105 

immediately underljlng main body of Devonian limestones. 
Such a section mav be seen five and a half miles northeast of 
Orab Orchard, along the headwaters of Harmon creek. Another 
exposure occurs three miles north of College Hill, where the 
road to Union City turns off toward the southwest. At the Oil 
spring, southeast of the hotel, a mile northwest of Indian Fields, 
a layer of black shale, two inches thick, occurs beneath the 
strongly brecciated appearing layer; the underlying part of 
the Devonian limestone at this locality is only fourteen inches 
thick. The section a hundred yards northeast of the hotel is 
quite different in appearance. 

At quite a large number of localities, the base of the Black 
shale series, instead of being very black, and fissile, is dark 
gray in color, at least when weathered; it is more indurated, 
less fissile, less carbonaceous, less fine-grained, and breaks in 
more irregular lumps. This more argillaceous phase at the 
base of the Devonian Black »hale is only four inches thick four 
miles southwest of Berea. Similar rock occurs at the base of 
the Black shale series one mile south of Bobtown. A mile and 
a quarter southeast of Bobtown, at Mat Moody's store, it is 
one foot four inches thick. Half a mile north of Mat Moody's 
store it is four feet thick. Two and a half miles north of the 
store it is two and a half feet thick. Three miles east of Bob- 
town the argillaceous rock is four feet thick, and is separated 
from the underlving Devonian limestone bv a thin streak of 
Black shale. West of the railroad station at Irvine, argillaceous 
rock occurs in the lower six feet of the section. The lower part 
of the Black shale series is more indurated, and has a grayish 
color immediately west of Rice Station and, again, three 
quarters of a mile farther west. 

South of Waco, the Devonian limestone is overlaid by gray- 
ish, more indurated rock, one foot three inches thick; black 
shale, six feet three inches thick, w ith a grayish indurated layer 
in the middle; and another indurated argillaceous rock layer, 
six inches thick, followed by the great mass of fissile black 
shales. A mile and a quarter northeast of Waco, at the Moore 
Spring, the Devonian limestone is overlaid by argillaceous in- 
durated grayish shale, eleven feet six inches thick; more solid 
argillaceous shale, three feet thick; softer argillaceous shale, 
three feet thick; more solid argillaceous, grayish rock, nine 
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inches thick; graduating into the fissile black shale above. This 
is the thickest section of indurated clay rock and irregular more 
massive grayish shale known at the base of the Black 8hale 
section. A part of this indurated shalv? resembles considerably 
simie of the so-called Waverlv shales in southern Kentucky, 
where this part of the section is not represented by soft clays, 
but by more indurated clay shales or shaly rocks. Somewhat 
similar shalv clav rocks occur three miles north of College Uill. 
Three and a half miles west of Clav Citv, between the Hud- 
son mill and Snow crtn^k church, argillaceous clay rock, nine 
feet thick, occurs at the base of the Black shale series; the 
lower part is brecciated, the argillaceous rock gradually merg- 
ing into the brecciated base. Northeast of Indian Fields, at 
the spring near the home of Will Lawrence, lenticular layers 
of the clay rock appear in the lower part (jf the Black shale 
series, and are overlaid bv the main bodv of fissile black shales. 

7 « . . 

At the Eastin mill, farther north, the lower part of the Black 
shale series consists of black shale interbedded with more or 
less clay rock. 

A mile southwest of Jeffersonville, a hard argillaceous rock 
layer appears five and a half feet above the base of the Black 
shale; the underlying part of the Black shale series has the 
usual black color. Similar rock is found in the lower part of 
the Black shale series northwest of Jeffersonville. 

From the preceding notes it may be seen that in many parts 

of east-central Kentuckv the Devonian Black Shale series be- 

« 

gins with a lighter colored and more massive rock, varying from 
a few inches to a few feet in thickness. It is less impregnated 
with carlionaceous matter and not so fine grained as the black 
fissile shales forming almost all of the remainder of the Black 
shale section. 

West of Rice Station, the top of the Devonian limestone is 
overlaid by shale, some of it black, and J^ome more gray in color 
and more indurated. The thickness of this basal part of the 
Black shale section varies between thirteen and eighteen and 
a half feet. Overlying this is a solid argillaceous limestone, 
two feet thick, containing Devonian cyathophylloid corals, 
Afrt/pa rrticitlarh, and other shells not collected or identified. 
Clayey lavers occur interbedded in the overlying part of the 
Black shale series for a distance of about seven to ten feet. In 
some cases these clavev lavers are indurated into clav rock. 
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According to the well records, in the eastern part of Bath 
county, the hard Devonian limestone is overlaid by about twelve 
feet of rock described as a brown shale, and this^ in turn, by 
clayey material, six to eight feet thick, described as white fire- 
clay. The interpretation of this part of the section requires 
further study. In the meantime it may be of interest to note 
that greenish clay thale, five and a half feet thick, occurs at 
various localities along Fox creek, in the eastern part of Flem- 
ing county. It is well exposed between Fox Spring and Muse's 
Mills. In this case it is underlaid by massive rock, crinoidal 
in part, decreasing in thickness from nine feet at the Fox Spring 
to three feet at the Muse's Mills. Underlying this limestone, 
the age of which has not been determined, is the top of the 
Crab Orchard clay section. 

Notes by Linney on the Devonian Black Shales. 

Linney states in his report on Lincoln county, that in in- 
stances limestones are formed locally in the Black shale. The 
surfaces of some of the plates are wave-marked. The base of 
the section, in some places, contains quartz grains. Iron pyrites 
is common throughout the entire series. Sea-plant impressions 
are common featurt\s at some horizons. That the Black shale 
is bituminous, and that efforts have been made at various times 
to secure oil and coal from it is well known. In the report on 
Garrard countv Llnnev states that two inches of worthless 
asphaltum coal were noticed not far from Dripping Springs. 
At the base of the Black shale here th(Te occur some rounded 
grains of transparent quartz sand. Higher up, patches of yel- 
low sand are seen, and marks of plants are not uncommon. 
Small species of Lhif/ula and Discina are often found. The 
Black shale finds very extensive use as a road ballast, and forms 
good roads, especially during the summer time. In the report 
on Clark county Linney alludes to the presence of oil in springs 
issuing from the Black shale, due to the bituminous material 
in the shale; also, to the frequency with which copperas occurs, 
due to the destruction of the iron sulphide, or iron pyrites, so 
abundant in some sections. 

Along Copperas creek, near the junction of Clarjc and Powell 
counties, very exceptional conditions were noted. Only a few 
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feet above the base of the Black shale series, interbeilded with 
the Black shale, occurs locally a layer of stone, distinctly wave- 
marked. Five feet farther up occurs a layer of phosphatic sand- 
stone, two inches thick. This layer is composcni of small round- 
ed grains of hyaline (juartz, and contains fragments of spines, 
teeth, and bones of small fishes. A few feet farther up occurred 
a layer of clay, ten or twelve inches thick. The immediately 
overlvinjjr lavers of slate for several inches were covered with 
the impressions of several species of plants. Some of these were 
land plants of the genus Lcpxdodendron. Several feet farther 
up there was seen at several places a layer of crystallized dolo- 
mite, two inches thick. At another locality, sandy concretions, 
over a foot thick, were found. At still another locality there 
was a thin layer of asphaltum coal. At one locality on Copperas 
ereek, only a few hundred yards from Eastin's mill, there is a 
larger amount of iron pyrites in the Black shale than at any 
other known locality in the field. Its decay gives rise to cop- 
peras in such quantities that no fish, cray-fish, worm, or bug 
is seen in its waters. 

In the report on Bath county, Linney emphasizes the barren 
character of the soils produced by the decay of the Black shales. 
The shale breaks up into thin, fissile, ash-colored fragments 
when exposed for a long time. These crumble into small thin 
plates, that creep down steep slopes, and leave the hillsides al- 
most bare of earth. These particles weather into cold, stiff 
elays, forming poor soils. Attention is called to the mineral 
springs caused by the decomposition of the materials in the 
Black shale. Near Young's Springs, and at several other places, 
were seen two layers of blue clay, sixtc^en to twenty-four inches 
in thickness, which are regarded as possibly the thin southern 
equivalent of the Erie shale of Ohio. In the earlier part of thi» 
bulletin, the Erie shale is called by the name introduced by 
Professor Prosper, of the Ohio Geological Survey, the Chagrin 
formation. If this identification by Linney can be established, 
the measured sections near Indian Fields suggest a thickness 
of seventy-five to eighty-two feet for the Tluron shale; five and 
a half to fifteen feet, a verv indefinite amount, for the Chagrin 
formation; and thirtv-five to fortv feet for the Cleveland shale. 
According to this interpretation, the huge fish remains on Cop- 
peras creek should fall within the Hurcn shale, but these local- 
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ities have not been visited, and therefore the position of the 
fish remains with reference to the clay layers here discussed 
can not be certlfiecl. 

In the report on Fleming county, Linney states that the 
blue clay shales identified with the Erie shales (Chagrin forma- 
tion) appear to have increased in having come northeast from 
Bath county. 

Greenish Cl.\ys Above Middle of Black Shale Section. 

The Black shale section usually consists- of an almost uni- 
form series of thin, black, fissile shales. At some localities, 
however, a few thin soft greenish clay layers are intercalated 
at various intervals. North of the home of John Goflf, half a 
mile southwest of Indian Fields, several of these layers, eight 
inches thick, are interbedded wfth the Black shales, between 
eighty-two and eighty-eight feet above the base of the section. 
Similar greenish clav layers occur between ninetv and one 
hundred and five feet above the base of the Black shale section, 
west of the Oil Springs Hotel, northeast of Indian Fields. 
Along the road between Indian Fields and Clay City, these 
greenish, soft clay layers intercalated with the Black shales 
are exposed by the creek along which the road passes. 

West of Rice Station, along the railroad between Richmond 
and Irvine, copperas oozes out of the Black shale, sixty feet 
above the base of the section. The greenish clays noted be- 
tween Indian Fields and Clay City should occur farther up. 

Greenish clays are exposed at quite a large number of locali- 
ties in the Black shale section, but it has not been determined, 
as yet, even whether these clays are found at approximately the 
same horizon or not. The chief interest in these clays lies in 
the possibility of their being southern representatives of the 
Chagrin horizon of northern Ohio. At present there is no evi- 
dence in favor of such an interpretation. Several notes on 
these clays are recorded in the preceding section of this bulletin. 

Phosphatic Nodules at Base of Waverly Section. 

At the top of the Black shale section, forming the base of 
the Waverly series, phosphatic nodules, light gray or purplish 
in color, are widely distributed. Near Junction City these 
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nodules often are two and three inches in length, are very abun- 
dant, and, although mo»t abundant at the very base of the 
Waverly series, occur also one or two feet above the same. 
Farther northeast, these nodules usually are smaller, less abun- 
dant, and occur only at the very base of the Waverly. Five and 
a half miles southwest of Berea station these nodules are one 
to two inches in lengtli. Small phosphatic nodules occur at the 
top of the Black shale series also northwest of Indian Fields, 
on the top of the hill crosst^d by the road to the Oil Springs. 
Two and a half miles southeast of Levee, there appears to be 
a continuous layer of this purplish phosphatic rock, varying 
between a foot and a foot and a half in thickness. Nothing 
similar has been found anywhere else in the field. Along the 
Cumberland river, in southern Kentucky, these phosphatic nod- 
ules often are four inches in length, and sometimes attain diam- 
eters of six, and even eight, inches. 

The phosphatic nodules often are fossiliferous. A consid- 
erable fauna could be collected by cracking open great numbers 
of them, and at some localities these nodules are verv abundant. 

Phosphatic deposits usually suggest segregation during a 
period of weathering and erosion. The base of the Devonian 
limestone section often contains considerable phosphatic ma- 
terial, more than is accounted for by the presence of the fish 
teeth and scales. In that case a period of erosion preceding the 
deposition of the Devonian limestone ^s easily credible, consid- 
ering the distinct unconformity between the base of the De- 
vonian limestone and the top of the underlying Silurian clays 
and limestones. But in the case of the phosphatic nodules at 
the base of the Waverlv, such an unconformitv has not been 
made out as yet. 

From the phosphatic nodules at Junction City the following 
crustaceans have been descril>ed: Cerafiocvris fColpocaris) 
hratUcj/i^ C. rli/troulcs^ Ceratioraris ff^olowcarisj Htrigaia^ and 
Archacocaria rcrmiformis; all by Meek. 

FOSSU-S OF THE DEVONIAN BLACK SlIALKS. 

In the Ileport on the Geology of Lincoln County, published 
in 1882, Linney states that DadoTi/lon neichern/i, Dawson, part 
of the trunk of a large species of tree, is represented by many 
remains in a silicified condition, in Lincoln and neighboring 
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counties. In addition to this are meationed Discina, Lingula, 
and other shells; fish remains, including spines of Ctenacanthua. 
The presence of Lingula and Discina in the Black shales is 
mentioned again in his report on Garrard county. Linney notes 
the presence of Dadoxylon- newherryi, Bawson, also in Clark 
county. 

In the report on Clark county, published in 1884, Linney 
refers to a layer containing Lcpidodcndron in the Black shale 
series, along Copperas creek, near the junction of Clark and 
Powell counties. His statements on the stratigraphical posi- 
tion of this plant bed have been quoted in the immediately pre- 
ceding part of this bulletin. In addition to Lepidodendron, as 
identified by Linney, this layer, several inches thick, contains 
also leaves eight to ten inches long, said by Linney to resemble 
our common flags. These plant remains occur in immense 
numbers. Above these layers, and in one instance also below, 
were scattered nodules in a very promiscuous manner. These 
consisted of accretions of fossils replaced by iron pyrites. 
Among these fossils the genera Bellerophon and Orthoceras 
were identified. Two feet farther up were found the remains 
of two individuals of a very large fish, imbedded in the Black 
shale. These remains were identified by Linney with Dinich- 
thys hertzeri, Newberry, on the basis of two dorsomedian plates, 
nearly two feet in diameter, one of these more perfect than the 
plate figured by Newberry in the Ohio report. Another, much 
more massive bone, could not be identified. These fish remains 
are now the property of the Kentucky (leological Survey, and 
are exhibited in the Museum. 

Dinichthys hertzeri occurs in the Huron shale, the lower 
part of the Black shale series of Ohio. Dinichthys terrelli, the 
large plates of which were at first included under the name 
DinichUiys hertzeri, occurs in the upper part of the Cleveland 
shale, the upper part of the Black shale series of Ohio. In ad- 
dition to Dinichthys terrelli, the Cleveland shale contains the 
smaller species, Dinichthys intermeditis, D. curtus, and D. 
goulai; and still smaller species, Dinichthys corrugatus and D. 
minor, have been published. It is not known at present whether 
the large plates of fishes discovered by Linney on Copperas 
creek occur above or below the horizon containing interbedded 
layers of greenish clay, seventy-five to ninety feet above the 
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base of the Black shale series. These greenish clay layers were 
believed by Linney to be the southern representatives of tlie 
Erie shale or Chagrin formation. As far as known, nothing 
has been done sin-ce Linney's day either to corroborate or dis- 
prove Linney's views. Nor is it known whether, in the light 
of recent observations, the large plates identified by Linney as 
Dimchthys hertzeri would be identified as this species at present. 

In the Paleozoic Fishes of North America, published in 
1889, Professor Newberry states that he suspects that the large 
fish plates, from Copperas creek, judging from drawings sent 
by Morris Fischer, represent gigantic Placoderms as yet un- 
described. 

In the Paleontology of New York, volume VIII, published 
in 1892, Hall and Clarke figure Schizobolus truncatus, Hall, 
from the Black shale of Madison county, and an unnametl 
species of Lin<fula from the Black shale near Vanceburg, Ken- 
tucky. The Black shale is identified as of Genesee age. 

In the American Jourmil of Science, Volume 3, Fourth 
series, published in 1897, Professor H. S. Williams states that 
at Irvine the deposition of the Black shale probably continued 
beyond the p<^riod at which Carboniferous faunas appear in 
other regions. An equivalent statement is made in Contribu- 
tions to Devonian Paleontology for 1903, by Williams and 
Kindle, published in 1905. However, Professor Williams fails 
to state what these CarlK)niferou8 species at Irvine are, and 
precisely where in the section they occur. They are said to 
come from somewhere near the top of the Black shale series. 

In Volume 6 of the American Journal of Science, published 
in 1898, George H. Girty refers the Black shale to the Genesee. 
The species which usually has been idv^ntified as Lingula spatii^ 
lata, Vanuxem, in Kentucky, he describes as Lithgnla (Linguli- 
poraj iciUiawHana, Girty, but it is noticcxl that Williams and 
Kindle do not use this name in their reports. The following 
species are identified by Girty at the Oil Springs, a mile north- 
east of Indian Fields, on Lulbegnid creek: 

Lingula ( Lxngulipora ) Kxlliamsanc, Girty. 
Leiorhynchus quadru^istatum, Vanuxem. 
Prioniodus areuatus, Hinde. 
Sporangites hnraiiensis^ Dawson ? 
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From a locality two miles southwest of Jeflfersonville, in 
Montgomery county, he lists: 

lAngula (LinguUpotaJ tmlliamaana, Girty. 
Orbiculoidea ? 

Leiorhynchus qiuahieostatumy Vanuxem. 
Meristella, resembling M. haskinsi^ Hall. 
? Plethaspira socialise Girty. 
Sporangites huronensis, Dawson ? 

From the vicinity of Berea and Vanceburg Lingnla (Lin- 
guHporaJ williamsana is identified. 

In the Twenty-fifth Annual Report of the Indiana Geological 
Survey, published in 1901, E. M. Kindle refers the southern 
part of the Black shale to the Genesee. The following species 
are identified from southern Indiana and the adjacent part of 
Kentucky : 

Leiorhynchus quadricostatum, Vanuxem. 
Leiorhynchus Umitarc, Vanuxem. 
Chonetrs lepidus. Hall. 
Lingula spniulafa, Vanuxem. 
BarroiscUa suhspatulata, Meek and Worthen. 
Schizoholus concentricus, Vanuxem. 
Orbiculoidea lodiensis, Vanuxem. 
Styliola fissurella, Hall. 

In the northern part of the State a Portage fauna is recog- 
nized in the Black shale. 

In the Contributions to Devonian Paleontolo^ for 1903, 
Williams and Kindle list the followinji; species from the Black 
shale of Brooks, fifteen miles south of Louisville: 

Chonetes sritulus, Hall. 
Lingula spaiulata, Vanuxem. 
Leiorhynchus cf. quadricostatum . Vanuxem. 
Pleurotomaria sp. 

The writer has not attempted to collect fossils from the 
Black shale. Incidentally, several sjjecimens of Orbiculoidea 
and Lingula spatulata were noticed along the road following 
the railroad at Alum Springs. Here these species occurred 
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about fifteen feet above the level of the railroad, Lirpffula 
Hpatulata occurs also at the tile works, at Searcy, near Moberly. 
A study of the lists of fossils on the preceding pages indi- 
cates that the Devonian Black Shale of Kentucky unquestion- 
ably includes strata belonging to the Genesee formation. This 
is indicated especially by the presence of Leiorhi/nchus quadri- 
costatum, Hchizoholus concentricuSy and Linyula spatalata. E. 
M. Kindle has shown that at Delphi, iu northern Indiana, this 
Black shale includes also Portage or Nunda forms, especially 
Spathiocaris emersoui. Professor H. S. Williams has shown 
that in Virginia, at Hot Springs, the black shale sc*dimentation 
began as low as the Onondaga formation. Near Covington, in 
Virginia, he cites Lciorhyiwhus Umitare, a Marcellus species, 
from the Black shale. In Ohio, Black shale sedimentation began 
with the base of the Delaware formation, where a series of thin 
fissile brownish shales, about six feet thick, makes its appear- 
ance. These brownish shales contain Leiorhyiwhu8 limitare, 
Orbiculoidca lodicnsis, Orb'wnloidca niinuta^ Martinia maia, 
Tentaculites scalariformis, and LingiUa manni. They evidently 
belong to the Marcellus horizon. However, before conditions 
were favorable to the deposition of typical Devonian Black 
shales, chaiiges in sedimentation occurred, and the limestone^ 
of the Delaware formation, of Hamilton age, and the greenish 
Olentangy shales, of unknown age, were deposited, so that in 
Ohio the first typical Black shale deposits appear to be of later 
than Hamilton age, corresponding thus to the Black shales of 
Indiana and Kentuckv. 

The 8ILUBL4N and Devonian of Southern Kentucky, EIajst 

OF THE CiNaNNATI GEANTICLINE. 

The Silurian is exposed also in southern Kentucky, along 
the Cumberland river, in Wayne county, at the mouths of Little 
Cub and Forl)nsh creeks. At the mouth of Little Cub creek, the 
limestone at the base of the Silurian section is ninete(*n feet 
thick. T^e layer with Whitfieldella siibquadraia and large 
crinoid beads occurs three and a half feet below the top of this 
limestone, and the underlying part is a typical development of 
the Brassfield bed. Overlying the limestone is greenish clayey 
shale, two and a half feet thick ; clayey limestone, two feet thick ; 
and an interval of nine feet, probably occupied entirely by green- 
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ish clayey shale. This part of the section corresponds to the 
attenuated lower part of the Crab Oi'chard division of the Si- 
lurian, as exposed west of Crab Orchard, toward Stanford. 

A quarter of a mile above the mouth of Forbush creek, along 
a small stream entering from the north, the thickness of the 
limestone at the base of the Silurian section is fifteen and a 
half feet. The laver with large crinoid beads occurs twenty- 
one inches below the top. The underlying part corresponds to 
the Brassfield limestone. Nearer the mouth of the creek, back 
of the home of William Richardson, the layer with large crinoid 
beads contains also Whitficldella suhquadrata. 

Silurian strata are exposed also in Pulaski county, about 
five miles directly west of Somerset, on both sides of Fishing 
creek. The exposures may be followed w^est of the creek, along 
a branch north of the home of V. L. Gossett. North of the 
bridge, the massive limestone at the base of the Silurian section 
is seven feet thick. Overlying this are distinctly bedded layers 
of limestone, forming a series ten feet thick. The top of this 
series of limestones is formed bv a laver, one foot thick, con- 
taining Whitficldella suhquadrata, and the large crinoid beads, 
in addition to Calymmene vogdcsi, Dalmanella clcgantula, and 
Cyathophyllum caliculum. The underlying limestone, sixteen 
feet thick, unquestionably belongs to the Brassfield horizon. 
The thickness of the overlying clayev beds Ix^longing to the 
lower part of the Crab Orchard division of the Silurian, could 
not be determined, although clayey beds of Silurian age are 
exposed for a distance of fully a mile up the creek. Farther 
north, the Silurian is overlaid by Devonian limestone. 

The most southern outcrops of Devonian limestone occur 
along the branch separating the farms of Mrs. Al Loval and 
Sol Jones. Here the limestone is three and a half inches thick 
and is overlaid bv coarse sandv material, half an inch thick. 
About a quarter of a mile northward, along the Sulphur Spring 
branch, the Devonian is two feet nine inches thick; it consists, 
in descending order, of coarse sandstone, six inches ; fine-grained 
bluish limestone, one foot nine inches thick; and brecciated rock, 
four to six inches thick. A mile and a half northward, just 
above the home of John Freeman, the Devonian limestone is 
four feet thick; most of it is white and crinoidal, containing 
Cyathophylloid corals and large Spirifers. A short distance 
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northward, just above the home of Taylor Brock, the Devonian 
limestone is twelve feet thick; at the top the rock is cherty ; just 
beneath, it contains Cyathophylloid corals; near the base the 
rock, five and a half feet thick, is massive and fine-grained. A 
hhort distance northward, just below the mouth of Coldwater 
branch, the Devonian limestone is seventeen feet thick, consist- 
ing, in desi-ending order, of brecciated brownish rock, nine 
inches thick; white limestone, one foot; thin limestone layers, 
two and a half feet; massive limestx)ne, seven feet eight inches; 
cherty linu^tone, two feet six inches?; and fine-grained lime- 
stone, three feet. The Devonian limestone was traced three 
miles above the mouth of Coldwater branch; it is said, by peo- 
ple in tlie neighlxjrhood, to occur in the vicinity of Adam's 
mill, two miles farther north. 

A small numl)er of fossils collected from this limestone was 
lost during transportation. These included several species of 
Spirifrr, i^tntphrodonta, Atn/pa reti'Ciflaris, cyathophylloid cor- 
als and other fossils. Of these, only one specimen, closely 
related to Amphigenia chmfjaia, is at hand. This was found 
in the neighborhood of the Sulphur Spring locality. The east 
of the spondylium is shown distinctly. Spirifcr acuminatus 
also occurs. These fossils indicate the presence here of strata 
eijuivalent to the Onondaga limestone of New York. The large 
numlKT of corals and abundance of chert, at several localities, 
suggest the possibility of a southward extension of the Devonian 
lim(»stone fauna se<m in central Kentucky, and, farther north, 
in the JefiFersonville limestone, at Louisville, Kentucky. 

The SiLruLvx-DEvoxL\N Unconformity. 

In eas^t-central Kentucky, the Silurian formations thin out 
westward to^^^ard the Cincinnati geanticline and are overlaid un- 
conformablv bv th'* Devonian formations. Alonjj the crest of 
the geanticline, in Casey and Boyle counties, the Richmond di- 
vision of the Cinclnnatian series also is absent, and here the 
Dev(mian rests upon the upper part of the Maysville (Lorraine) 
division of the Cincinnatian. 

North of Crab Orchard the Devonian rests upon at least 
seventy-five feet of clay l>elonging to that part of the Alger 
clav which overlies the massive limestone laver (marked C on 
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Plate A, page G4) a short distance above its base. If our inter- 
pretation of this part of the section be correct, the clay above 
this massive limestone layer corresponds to the Estill clay, and 
to the Waco formation, which here is nearly unfossiliferous and 
is represented only by clay. About two and a half miles west 
of Crab Orchard, along the pike to Strnford, the thickness of 
the clay above the massive limestone layer is sixty-six feet. 
About two and a half mile« southwest of Crab Orchard, south 
of the county road, the thicknei-^^ is at least fifty feet, but no 
accurate measurements are at hand. Three miles southwest of 
Crab Orchard, the thickness of this clav is thirtv-five feet. 
About three quarters of a mile farth(»r west, the thickness is 
twenty feet. A short distance farther west, at the home of 
William Pleasant»^ the thickness is eleven feet. Four and a 
quarter miles west of Crab Orchard station, the thickness of 
the clav is seven and a half feet. Half a mile farther west the 
Devonian limestone rests directly upon the massive limestone 
layer in the lower part of the Alger division of the Silurian. 
In this distance the Devonian limestone has been thinning ir- 
regularly from nineteen feet, west of Crab Orchard station, to 
about three or four feet at the exposure last mentioned. A short 
distance farther west, at the home of James Thomas Bailey, the 
red clay resulting from the decay of the Devonian limestone is 
only one foot thick, and it rests upon strata nearly ten feet 
below the level of che massive limestone layer, within two and 
a half feet of the Whitfieldella layer at the base of the Crab 
Orchard division of the Silurian, of which the Alger clays and 
limestones form the upper part. 

Farther west, the Devonian limestone is absent, and here 
the Devonian Black shale rests directly upon the Brassfield 
limestone, the lowest Silurian formation in this part of the 
State. Of this Brassfield formation only the lower and middle 
part, eight feet five inches thick, remain. The upper part, in- 
cluding the layer with large crinoid beads, is absent. Farther 
west the Devonian limestone is present again, but rests upon 
Ordovieian strata. It is po^^sible that the absence of Devonian 
limestone south of Stanford, near Neal creek church, is due to 
the fact that, during the deposition of the Devonian limestone, 
the BTassfleld limestone in this area projected so far above the 
level of the surroundinu: Silurian and Ordovieian strata as to 
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be more ntrongl}' exposed to wave action or to tidal currents, 
and hence remained clear of Devonian deposits. Owing to its 
hardness, and the comparatively small (juantity of interbedded 
clay, the Bras»field limestone would resist weathering and ero- 
sion better than the underlying part of the Ordovician and 
the overlying Silurian strata. Observations favoring this view 
are noted also at other localities in Keutuckv. 

As alreadv stated, north of Crab Orchard the Devonian lime- 
stone rests on at leaj^t seventy-five feet of that part of the Alger 
clav which overlies the massive laver of limestone. Nine miles 
lUTth of Crab Orchard, nc*ar the home of James M. Anderson, 

ihe thickness of this clav is onlv twentv-two feet. The Devonian 

■> » •- 

limestone lies directly al)ove. The Silurian strata probably 
once extended beneath the Devonian cover as far as Lancaster, 
but at present no exposures in that direction remain. 

Along the pike betwcn^n Crab Orchard and Stanford, ex- 
posures of the Devonian limestone are rather poor, but three 
miles east of Stanford, Devonian limestone waste occurs in con- 
siderable abundance within a short distance of the top of tho 
Brassfleld bed, suggesting the continuation of the features al- 
ready descrilK*d, from the area south of the Louisville & Nash- 
ville Railroad, as far north as Stanford, and probably as far 
north as I^ncaster. 

Northeast of Crab Orc»hard, toward Hammack, the Silurian- 
Devonian unconformitv is also in evidence. The clav above 
the massive linu^tone layer in the Alger formation is at least 
seventy-five feet thick north of Crab Orchard. Along the head- 
waters of ITarmon creek, it is thirty-seven feet thick. Near 
Ilammack it varies between fifteen and twentv feet. The De- 
vonian limestone lies dire<-tly above. It is prol>able that if 
more were known of the thickness of the Silurian formations 
where they now are under cover, in the northwestern part of 
Rockcastle countv, it would be evident that the thinnins: of the 
Silurian formations here is toward the northwest rather than 
toward the northeast. Along Fall Lick creek, for instance, 
northeast of Crab Orchard, the thickness of the clay above the 
massive limestone layer is known to b'* much greater than at 
the head of Harmon creek. 

Along the line between Oarrard and Madison county, the 
evidence is less striking. Along Rocky branch, the base of the 
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Devonian limestone is thirty-four feet above the top of the Brass- 
field limestone, with its layer of large crinoid beads; tlie De- 
vonian here rests upon a massive layer of limestone. About a 
mile northwestward the interval is only 22 feet^ and a mile and 
a half northward it is thirty-five feet, no allowance being made 
fop the dip of the rock. 

Along the railroad, north of Berea, the Silurian-Devonian 
unconformity is well shown. Less than three miles north of 
Berea, the Devonian limestone appears to rest directly upon 
the massive limestone at the base of the Waco division of the 
Alger formation. The layer with large crinoid beads at the 
top of the Brassfield bed is found thirty-one feet below the De- 
vonian. Half a mile south of Whites, the Devonian rests di- 
rectly upon some of the layers of the Oldham limestone, con- 
taining Strickland i ma norwoodi, and the layer with large 
crinoid beads is found only twelve feet below the Devonian. 
At the same time, the Devonian limestone, which is thirteen 
and a half feet thick north of Berea, is reduced to three inches 
near Whites, being represented by the fish layer. Here again 
the Brassfield bed may have risen above the level of the upper 
Ordovician and the overlying Silurian strata during the deposi- 
tion of the Devonian limestones in the neighboring parts of 
this section of Kentucky, producing features resembling those 
described from the vicinity of NeaPs creek church, south of 
Stanford. 

Evidences of the presence of the Silurian-Devonian uncon- 
formity appear also soutlu^st of Bobtown. At Mat Moody's 
store, two miles and a quarter southeast of Bobtown, the De^ 
Tonian limestone occurs about forty-eight feet above the base of 
the Brassfield bed. A mile farther northward, this interval is 
about thirty-six feet. Near the Mat iloody store the thickness 
of the Devonian limestone is at least three feet. A mile north- 
ward it is nine inches, and here the Devonian limestone is repre- 
sented by the fish layer and rests upon clay. 

In the greater part of the area between Whites and the ex- 
posures three miles east of Bobtown, the Devonian limestone 
does not exceed twelve inches in thickness and does not rest 
on the Brassfield limestone. In this area some of the minor 
limestone layers, such as the layer at the base of the Waco hori- 
zon, may have resisted erosion sufficiently to keep this part of 
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the field at a higher level during the deposition of the Devonian 
limestone. 

Evidences of the Silurian-Devonian unconformity are seen 
along the railroad between Irvine and Brassfield. North of 
Irvine the Devonian limestone rests up<m the Estill clay, sixty 
feet thick. East of Panola, about a quarter of a mile, the Estill 
clay is well expos^nl for a thickness of about forty-five feet, but 
the Devonian limestone is not seen at the point where this 
measurement was made. At Brassfield (Fig. 8), along the 
railroad cut, the Devonian limestone rests upon clay, fifteen 
feet thick. The horizon of the top of the Lulbegrud clay at 
Brassfield is fully seventy-two feet below the level of the top 
of the Estill clay at Irvine, and at least fifty-six feet below the 
top of the Estill clay at Panola. It is evident that the greateBt 
unconformity is shown between Brassfield and Panola, and 
much less between Panola ajid Inine. No explanation for tbis 
fact has been discovered. 

Between El list on, Waco, Cobb Ferry. College Hill, and the 
exposures three miles north of College Hill, the degree of utt- 
conformity is relatively very small, althcmgh considerable diflfep- 
ences in the thicknesses of the Devonian limestone exposoreB 
are noticed. 

Apparently there is a strong Silurian-Devonian unconform- 
ity in the arc^a Ix^tween Vienna and Tvlerritts and Righ tangle. 
South of Vienna the Devonian limestone rests upon some part 
of the Estill dav, and the massive limestone at the base of the 
Waco horizon is i)oorly exposed along th(» road north of Vienna. 
A mile north of ihnritt, near the Old Simpson Brock place, the 
Devonian rests api)arently, in case there is no fault, on the Old- 
ham limestone. Northeast of Arlen, the Devonian, if not 
brought near the Brassfield bed by a fault, must be within a 
short distance of the top of the latter. 

North of Vienna, along the road from Vienna to Indian 
Fields, the massive limest^me layer at the* base of the Waco hori- 
zon, and also at least the base of the Estill day are exposed. 
B(»tween Log Lick church and the home of J. T. Elkins, the 
base of the Devonian limestone practically rests on the mas- 
sive limestone at the base of th(» Waco horizon. A quarter of 
a mile south of Indian Fields, the lower part of the Estill clay, 
about twelve feet thick, is exposed beneath the Devonian lime- 
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stone. At the great clay pit along the railroad northwest of 
Indian Fields, this interval is seven feet. Along the railroad 
between Virden and Clay City (Fig. 9), the Devonian rests 
on the Waco bed or upon only a very small part of the Estill 
clay section* Between Tipton ferry and the Plum creek ex- 
posures, the Devonian rests upon the lower part of the Estill 
clay, only eight or nine feet thick. Comparing these sections 
with those found farther south, the degree of unconformity be- 
tween the Silurian and Devonian is relatively slight. 

There is evidently a remarkable thinning of the Estill clay 
between Irvine and Clay City. At Irvine, the Devonian lime- 
stone rests upon Estill clay at least sixty feet thick. Along 
the railroad west of Clay City this interval is reduced to less 
than ten feet, and at some localities can not exceed two or three 
feet. 

There can be no doubt of a Silurian Devonian unconformity 
between Indian Fields and Jeflfersonville. At Indian Fields, 
the base of the Devonian is about fiftv feet above the laver con- 
taining large crinoid beads, at the top of the Brassfteld lime- 
stone. A mile southwest of Jeflfersonville, this interval is sev- 
enteen feet. Half a mile northwest of Jeflfersonville, the same 
interval is shown. At Indian Fields the Devonian limestone 
rests upon the lower part of the Estill clay, seven to twelve 
feet thick. Near Jeflfersonville the Devonian rests upon strata 
probably equivalent to the Oldham limestone 

A greater degree of unconformity is shown between Spencer 
and Jeflfersonville. East of Spencer, west of Slate creek bridge, 
the inter>'al between the Devonian limestone and the laver 
with large crinoid beads at the top of the Brassfield limestone 
is sixty-two feet. East of the creek this interval is thirty-six 
feet No account is taken in either ease of the dip. Near 
Jeflfersonville, this interval is seventeen feet. Two miles south- 
west of Preston the interval is seventy-five feet, and it is known 
to exceed sixty feet considerably directly south of Prestcm, about 
a mile. The records from the oil wells in the Ragland field in- 
dicate intervals of at least 160 feet between the Devonian lime- 
stone and the top of the Brassfield bed. At Owingsville the 
base of the Brassfield limestone is 100 feet below the center 
of the town; the waste of the Devonian limestone occurs prac- 
"tically in place in the northern part of the town, along the road 
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to Wyoming. The dip is eastward. The total thickness of the 
Silurian section is believed not to exceed 100 feet. There is 
evidence of a thinning of the Silurian section from the Kagland 
field toward Owingsville. 

The well record from the Jack Barnett farm, in Menefee 
county, suggests the presence of at least 153 feet of Silurian 
clay. No exposures comparable with this are known in Mont- 
gomery county. 

The thinning of the Silurian section, in east-central Ken- 
tucky, toward the west and northwest is evident, notwithstand- 
ing great irregularities in the rate and direction of this thinning. 
All the evidence so far collected in the field indicates that by 
far the greater part of the thinning of the Silurian section 
can not be due to the thinning of the individual members of 
the various Silurian formations, but wust be due to the sue- 
c(*s8ive disappearance of the upi)ermost menkbers of the Tarious 
formations as these are traced westward or northwestward. 

Two theories may be suggested to account for this. One 
of these assumes that the Silurian sections as seen at present 
are essentially the Silurian sections as originally deposited. 
The other assumes that formerly muoh greater thicknesses of 
Silurian rocks were present, esix^ially toward, and possibly 
across, the crest of a great i>art, or of all of the Cincinnati geanti- 
cline, but that extensive erosion removed the upper part of 
these various Silurian sections, especially toward and alonjc 
the crest of the geanticline, during the period preceding the 
deposition of the Devonian limestones of this area, which were^ 
deposited in iliddle Devonian or Onondai):a times. 

Both theories assume the gradual elevation of Ordovician 
and Silurian strata in tinier preceding the deposition of the 
Middle l)evonian. The first theory assumes that the elevation 
of the Cincinnati geanticline l>egan in early Silurian, and pas- 
siblv even in Ordovician times. The second assumes that the 
elevation resulting in the thinning of the Silurian sections be- 
gan late in Silurian times, possibly even after the deposition 
of the latest Silurian strata still preserved in this part of 
the field. 

According to tht* first theory, illustrateil by Fig. 2, on Plate 
B, the elevation of the Cincinnati geanf icline continued through- 
out the deposition of the Silurian. The Rrassfield limestone, 
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belDg deposited before the elevation of the geanticline had pro- 
greaaed far, extended farthest up the flanks of the geanticline. 
The Indian Fields formation, being deposited later, after the 
geanticline had attained a greater elevation, did not extend ae 




FIG 1. OVERLAPPING EDGES OP STRATAON FLANKS OFSINKINC ANTICLINE. 




rW 2. ATTENUATED EDGES OF STRATA OH FLANKS OF RISING ANTICLINE 




Fig 3. RISE OF ANTICLINE SUBSEQUENT To DEPOSIT ON OF STRATA 





FIG*. WACRAMMATIC SECTION OF SILURIAN STRATA IN CENTRAL KCtJTUCKf 
Fhte B. ninttntiiiK irarious ooDdiKoD* rMolUnc f ran Um fomatian of nsotieliiHa. 
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far toward the crest of the geanticline as the Fra«sfield lime- 
stone. By the time that the deposition of the Lulbegrud clay 
began, the elevation of the geanticline had increased so much 
that the Lulbegrud clay did not cover that part of the Indian 
Fields formation which lay nearest the crest. The elevation 
continued, so that the Waco deposits, ^A here they can be recog- 
nized, do not extend as far up the flank of the geanticline as the 
Lulbegrud clay. Further elevation excluded the Estill clay 
from any but the more remote parts of the flanks of the geanti- 
cline. The thickest deposits of Estill clay are found farthest 
from the crest This period of elevation was followed by a 
lowering of the area affected by the Cincinnati geanticline in 
east-central Kentucky. During this period of depression, the 
Devonian limestones extended across the edges of all the Siluri- 
an deposits as far as the Richmond and Maysville (Lorraine) 
areas along the crest of the geanticline. In support of this 
view of the continual elevation of the geanticline during Silurian 
times mav be adduced the fact that no Silurian formation is 
known to extend farther up the flank of the geanticline than 
any of the preceding formations. There is no evidence of over- 
lap preceding Devonian times, although there is some evidence 
of the thinning of certain Silurian formations toward the crest 
of the geanticline. 

According to the second theory, illustrated by Fig. 3 on 
Plate B, the reason why there is no overlap of Silurian forma- 
tion on approaching the crest of the Cincinnati geanticline is 
because there was no elevation of the Cincinnati geanticline 
of any considerable proportions either in existence or in prog- 
ress during Silurian times. Hence, Silurian strata were de- 
posited in succession over a wide area covering the region now 
affected by the Cincinnati geanticline. The absence, at present, 
of Silurian strata over the more elevated parts of the Cincin- 
nati geanticline is to be accounted for not by assuming that 
these strata never had been deposited where now they are ab- 
sent, but by assuming tiBat Silurian strata once were present, 
but were removed in later times, after the elevation of the Cin- 
cinnati geanticline, by weathering and erosion. The elevation 
of the geanticline in late Silurian and early Devonian times 
is assumed to have raised these former Silurian deposits which 
were along the crest of the geanticline into regions where waves 
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and currents were most effective, and possibly even where afc- 
mospheric agencies would assist in their removal. The result 
of erosion and weathering is assumed to have reduced a great 
part of the more elevated regions of the Cincinnati geanticline 
to the condition of comparatively flat country, but little ele- 
vated above the sea. Such a condition usually is spoken of 
as a base-level, and the toi)ography produced by the same as 
a peneplain. The result of this removal of strata from the crest 
of the Cincinnati geanticline in late Silurian and early Devonian 
times was the exposure of only the older layers along the crest 
of the geanticline, and the outcropping of successively younger 
layers on passing from the crest of the geanticline outward 
toward its flanks. Subsequent erosion, not failure of deposition, 
is assumed to account for the absence of Silurian strata along 
the crest of the Cincinnati geanticline. lieduction of the upper 
part of the geanticline to a peneplain, and not progressive ele 
vation of the geanticline during the period of deposition of 
Sifurian strata, is assumed to account for the apparently more 
restricted areas of deposition in the cas(^ of each of the success- 
ively later Silurian formations. The depression of this pene- 
plain during Middle Devonian times permitted the deposition 
of the Devonian limestones (Onondaga) of Kentucky. 

According to the first theory, those narts of the Silurian for- 
mations of east-central Kentuckv which lie farthest west, near- 
est the crest of the Cincinnati geanticline, are, then^fore, near- 
est the shoreline, as it existed during the deposition of this 
particular formation. According to tlie second theory, there 
wa« no shore line along the flanks of the Cincinnati geanticline, 
eince this geanticline is assumed not to have been sufliciently 
developed as yet to give rise to dry larn) and a shore line. Ac- 
cording to the first theory, evidences of proximity to the shore 
should be sought along lin-es of outcrops nearest the crest, and 
these evidences should become less i)ronounc(Ml, and should 
finally disappear on going from the crest toward the flanks of 
the geanticline. According to \h^ second theory such evidence 
should not be at hand. According to the first theory, the Si- 
lurian faunas on the two sides of the Cincinnati geanticline 
might have developed distinct features, notwithstanding the 
connection of these areas farther north, in Ohio and Indiana. 
According to the second theory, the faunas on the two sides of 
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the Cincinnati geanticline sfhould not differ more than faunas 
eijually distant in areas more directly connected. 

Both theories assume conditions of weathering and erosion 
in times preceding the deposition of the Devonian limestones. 
According to the first theory, this erosion began in early Silurian 
times, or even during the Ordovician. The second theory as- 
sumes that the erosion began in late Silurian times. 

According to the first theory, the lithological character of 
the deposit** on the opposite sides of the geanticline might be 
expected to show greater differences (See figures 1 and 2, on 
plate B), perhaps, than if the conditions predicated by the sec- 
ond theory prevailed. 

Very little evidence in favor of either theory has been dis- 
covered so far. 

Pebbles and wa.ve-marks have been discovered in some Si- 
lurian strata, especially in the Brassfield limestone and in im- 
mediately overlying strata, but it has net been shown that these 
occur in the beds nearest the creFrt: of the geanticline and are 
absent at greater distances. Crossbedded layers are known, es- 
pecially in the Brassfield limestone, but it has not been shown 
that these are bt*st developed nearest the crest of the geanti- 
clina No distribution of species of fossils has been discovered 
suggesting the presence of shore conditions in those parts of 
the Silurian deposits of east-central Kentucky which are ex- 
posed farthest west. At no point is any Silurian formation 
known to be resting upon the eroded surface of earlier strata, 
filling up an earlier water channel, butting up against the side 
of a cliff, or presenting any other evidence of distinct uncon- 
ftirmity. In general, it may be said that evidences favoring 
shore conditicm, so far collected, do not serve to determine the 
location or direction these shores, nor are these evidences of 
.such a character as to demand the presence of any elevation of 
land following the same general direction as that now taken by 
the geanticline. 

The lithological characteristics of the strata east and west 
of the geanticline present not only certain differences, but also 
certain strikingly similar features. If the Alger formation of 
east-central Kentucky corres»ponds to the main body of Osgood 
clay in the west-central part of the State, and if the Brassfield 
bed corresponds to the so-called Clinton limestone of that part 
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ot the State, it is evident that the Plum creek clay and the Old- 
ham limestone of eastrcentral Kentucky can be represented on 
the western side of the geanticline onlj by the layers of lime- 
stone at the base of the Osgood clays. The latter rarely pre- 
sent a thickness of more than two feet. At the most eastern 
exposure known, about six miles east of Bardstown^ along the 
railroad, a mile and a half east of Woodlawn station, for- 
merly known a» Gasbur<r, thin limestones interbedded with clay, 
forming a section four feet thick, occur at the base of the Os- 
good clay section, overlying the so-called Clinton. This may 
represent the western extension of the Indian Fields forma- 
tion, this being the formation which includes the Plum creek 
clay and Oldham limestone, as already mentioned. 

Both the Alger clay and the Crab Orchard clay present their 
thickest sections farther south, in east-central and west-central 
Kentucky. Northward, in Ohio and Indiana, these clays are 
represented by thinner sections, and, before reaching Dayton, 
Ohio, and Richmond, Indiana, become not only much thinner, 
but also are largely replaced by argillaceous limestones. These 
facts favor the view that the Silurian areas east and west of the 
geanticline were connected at least during the deposition of 
these clays, although this connection may have been only across 
central Kentucky, through Boyle and Marion counties. The 
evidence is very inconclusive. 

The fossils found in the Brassfield limestone, east of the 
geanticline, and those found in the so-called Clinton limestone, 
west of the geanticline, are merely a meagre representation of 
the so-called Clinton fauna of Ohio and Indiana., and show no 
differences suggesting their development in different basins. 

The abundant Whitfieldellas in the sandv limestone laver, 
immediately above the top of the Brassfleld limestone of eastern 
Kentucky are unknown west of the Cincinnati geanticline, in 
Kentucky, although related forms are found in the Osgood bed 
in Ripley county, Indiana. 

The Stricklandinia found near the top of the Oldham lime- 
stone is not known west of the geanticline, but specimens of 
Stricklandinia of a somewhat smaller species are found at the 
top of the lime*;tone8 beneath the Osgood clay about six and 
a half miles southwest of Bardstown, and occur also at sev- 
eral localities in western Tennessee. Of the other fossils found 
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in the Oldham limestone comparatively little is known^ at pres- 
ent, but it may prove that this fauna will show closer relation- 
ship with the Brassfield fauna than with the Waco fauna, and 
that the Oldham fauna will find representatives in the upper 
part of the so-called Clinton in western Kentucky, which is 
represented by the white limestones in Nelson and Marion 
counties, especially in the neighborhool of Bardstown. This 
white limestone differs considerably in appearance from the 
salmon brown limestone characteristic of the Clinton in nor- 
thern Kentucky, and the adjacent parts of Indiana, and may 
represent a somewhat hiji^hor horizon. 

The Waco fauna is different from anything known in the 
Osgood formation, either in western Kentucky or Indiana. It 
may have formed in a different basin from the latter. The 
Cincinnati geanticline may already have developed sufficiently 
during the deposition of the Waco bed to make it possible for 
a fauna to develop in eastern Kentucky quite distinct from 
the faunas of western Kentucky, but the evidence does not point 
to this conclusion necessarily. The Brassfield deposits of east- 
ern Kentucky and Ohio are represented only in part farther 
w^est, in southeastern Indiana and the adjacent parts of west- 
ern Kentucky. It may be that the Osgood formation, west of 
the Cincinnati geanticline, in a similar manner represents only 
a part of the Crab Orchard division of the Silurian farther 
east. It may be attenuation of formations toward the west, in 
times preceding the formation of the geanticline, attended with 
omission of part of the series* farther westward, rather than the 
development of distinct faunas in separate basins, on opposite 
sides of the geanticline, which will prove the explanation of 
the few facts known so far. 

In general, it may be stated that the study of faunas along 
the Cincinnati geanticline has not progressed sufficiently as 
yet to determine the things we most would like to know. Of 
course, speculation on this subject is to be expected, but it is 
worth while to remember that the number of facts upon which 
these speculations must be based is still very small. 

While there is no doubt of the existence of the Cincinnati 
geanticline in pre-Onondaga times, preceding the deposition of 
the Devonian limestones of this area, the Silurian, Cincinnatian, 
or even earlier origin of this geanticline requires further invest!- 
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gation. Such an early origin may be probable, but probability 
must not be confounded with proof and fact. 

The Devoxlvn Limkstone-Black Shale Unconformity. 

In the Keport of Progress of the Ohio Geological Survey 
for 1870, Professor Orton publishes the following very inter- 
esting facts: 

At Delaware and northward, the Ohio Black shale rests 
upon a thin belt of shale, at that time identified as the Hamil- 
ton, but now known as the Olentangy shale. In Franklin coun- 
ty, of which Columbus is the county seat, the Black shale rest« 
upon the Corniferous limestone, now known as the Delaware and 
Columbus limestones. In Ross county, in which Greenfield is 
located, the Black shale rests upon the Greenfield limestone, re- 
ferred at present to the Monroe formation. In Highland coun- 
ty, the Black shale rests upon the Nijigara formation, the high- 
est member of which in this county is called the Hillsboro sand- 
stone. There is a very evident unconformity between the base 
of the Devonian Black shale and the underlying Devonian and 
Silurian formations. The absence of the Monroe formation west 
of the Cincinnati geanticline requires explanation. 

In a paper on the Devonian and Low er Carboniferous faunas 
of southern Indiana and central Kentucky, E. M. Kindle shows 
a striking unconformity between the l>aseof the Black shale and 
the Devonian ( Jeffersonville) limestone at Brooks i-un, in Bul- 
litt county, Kentucky, fifteen miles south of Louisville. Ero- 
sion preceding the deposition of the Black shale had produced 
gullies, in the top of the limestone, fully ten to twelve feet deep. 
Another very marked unconformity was discovered a quarter 
of a mile south of Huber, in the same countv. Here the Black 
shale rests on the Sellersburg division of the Devonian lime- 
stone. It is probable that further observations will result in 
the discovery of similar evidences of unconformity elsewhere 
in the field. 

In this connection attention should be called to the fa(*t 
that^ in several areas in Kentucky, the Devonian limestone is 
entirely absent. This is the case, for instance, in part of the 
area between Bardstown and New Haven, between New Haven 
and Raywick, between Raywick and Ivoretto, south of Stanford 
east of Neals creek church, for at least fiv(» miles north and 
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northeast of Liberty, everywhere along the Cumberland river 
west of Fishing en^ek. These localities are all along the more 
elevated parts of the Cincinnati geanticline in that part of its 
extent where the Black shale is still preserved, and the abeence 
of the Devonian limestone here is undoubtedly connected with 
the elevation of the geanticline. 

A similar absence of Devonian limestones is noted in the 
area between the southeastern corner of Fleming county, in 
Kentucky, and Pickaway county, in Ohio. This has led to the 
belief that, in times preceding the deposition of the Black shale, 
a subsidiary anticline passed northeastward across this part 
of the country, the crest crossing the Ohio river some where 
in the neighborhood of Vanceburg. 

Where the Devonian limestone is reduced to a very thin 
layer, often lesB than one foot in thickness, between Whitee 
and the exposures three miles east of Bobtown, it is noticed 
that the layer containing fish, teeth and plates still remains. 
Similar features are noticed elsewhere, for instance a quarter 
of a mile south of Indian Fields, where only a thin exposure 
of Devonian limestone occurs. This fact has suggested that 
in some areas it may be the upper, rather tlian the lower part 
of the Devonian limestone section which may be absent, again 
suggesting an unconformity. The fact that rocks equivalent 
to the Delaware limestone and to the Olentangy shale appear to 
be absent would lead to similar conclusions. 

The presence of a thin strip of Black shale below the brown . 
rock regarded as equivalent to the Duffin layer, which has been 
noted at several localities, suggests that in some areas the depo- 
sition of the Black shale mav have Ix^sjun earlier than in others. 

Thk Lexington Penkplain. 

In discussing the topography of that part of Kentucky which 
lies within twenty miles of Richmond, Marius R Campbell 
makes the following statements: 

The most striking topographic feature of this area is the 
great plain of central Kentu(*ky, wiilch shows to excellent ad- 
vantage at Winchester, Richmond, and Berea, and which is 
named the I^xington peneplain from the city of Tjexington. 
AVhen viewed from a single locality the apparent parallelism 
between the surface of this plain and the bedding of the rocks 
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suggests that it was formed by the erosion of soft beds down to 
the surface of a more resistant stratum, but when a large area 
is examined it is found that this plain truncates the Cincin- 
nati geanticline, causing different beds of rock to form the 
surface in different portions of the plain. In view of this fact 
it is not possible to ascribe the formation of this topographic 
feature to the influence of hard beds of rock, or to the gcH)logic 
structure. There are two methods by which this plain may have 
been produced: either by the shore action of the waves of a 
large body of water, or by sub-aerial erosion of the land to base- 
level. If this feature was produced by waves, central Kentucky 
must have been beneath the water ot the ocean at some time 
since the Paleozoic era, later than the time of deposition of 
Carboniferous or Pennsylvanian strata. If the sea covered this 
territory, there must have been sediments deposited on its sur- 
face; but no such material has ever been dis(rovered: therefore 
this cause seems not to have operatinl to produce the plain in 
question. Subaerial erosion on the land surface which is free 
from movement will produce such a feature if time enough is 
allowed for the approximate reduction of the surface to base 
level. The surface resulting from such conditions will be al- 
most a plain — a peneplain. This hypothesis is in accord with 
the facts in central Kentucky, so far as known, and consequently 
this feature will be regarded as of subaerial origin, and it w-ill 
be referred to as the Lexington peneplain. 

The hills which rise above the Lexington peneplain have a 
fairly constant altitude of about 1,500 feet alK)ve sea level. They 
have generally round or sharp tops, which give no suggestion 
of a higtier plain; but the regularity of altitude, despite the 
variation of the underlying rocks, is strong evidence of the for- 
mer existence of a peneplain at this level, which has been so 
completely dissected by later erosion that no trace of its sur- 
face remains to mark its exact position. 

The valleys which are cut below the surface of the Lexing- 
ton peneplain are complex in character and show that they 
are the result of two episodes of erosion. When viewed upon 
the ground it is apparent that there is a long, gentle slope from 
the surface of the T^exington peneplain leading down to the 
brink of steep walls which bound the Inner valley of the river. 
The gentle slopes constitute the sidc^ of an older valley, which 
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was broad. The narrow modern gorge of the Kentucky river 
has been cut within it. 

Upon the floor of the older valley ooenr deposits of sand and 
day which were laid dowa by the river when it occupied this 
vaJley, before the inner gorge was cut out. In order that such 
widespread dei>osition should have taken place, the streams 
must have had moderate fall and have been unable to carry 
farther the load of sand and mud which they carried with ease 
in the narro^v, upper valley in the Coal Measure plateau. The 
sediments were laid down in a sort of delta deposit across the 
entire width of the old valley; they are now found only on the 
tops of the river hills which mark the surface of the intermedi- 
ate valley. 

No direct evidence has been found in the area under in- 
vestigation, within twenty miles of Richmond, of the dates of 
the peneplains or of their allied surface features. The Lexing- 
ton peneplain and the one 500 feet above it are continuous with 
similar features throughout the southern portion of the Ohio 
Basin and the Gulf slope, and it is to these distant portions 
of the province that we must look for evidence regarding their 
dates. The higher peneplain can be traced continuously south- 
ward to the margin of the Cretaceous sediments of the Gulf 
coast; it is also a part of the great peneplain which shows over 
most of the Appalachian province, and which is generally re- 
ferred to the Cretaceous i)eri()d. It is obviously very old, and 
sin<*e all of the evidence available a,2T^<^ with the foregoing 
statement, it will be accepted as provisionally correct. 

The Lexington peneplain is commonly regarded as of post- 
Cretaceous age, but the period has not yet been satisfactorily 
determined. The only definite theory' yet advanced regarding 
its age makes its age contemporaneous with the Eocene lime- 
stone of the Gulf slope. This has been advocatetl only a* a 
working hA-pothesis, but so far as known it is in hannony with 
the facts found in this region, and will be accepted provision- 
ally. On the as5*uniption that the lycxington plain is of Eocene 
age, the internuHliate valley and the deposits connected with 
it would presumably be referred to the next succeeding period, 
the Neocene, and the inner gorge to the remaining portion of 
the Neocene and rhe Pleistocene. TLis determination must 
be accept^Hi as merely provisional, and subject to change when 
more direi*t eviden(*e becomes available. 
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The preceding observations by M. R. C-ampbell, quoted with 
few alterations, are so interesting thai they have been given 
in full. The I^exington peneplain covers the great central 
limestone area of Kentucky. The Black shale and AVaverly 
knobs surround the Lexington peneplain, and form the ad- 
vance guard of the remnants of the earlier. Cretaceous pene- 
plain. The difference in elevation often is striking. The shari> 
contrast between level of the strata forming the surface of the 
Lexington peneplain and the tops of the knob^ beyond is well 
shown by a view from the road noirtheast of Kiddville, south- 
eastward ; also, from the great clay pit half a mile west of In- 
dian Fields, northeastward, and toward the southeast ; from the 
road several miles north of College hill, eastward; from the 
road a short distance east of Brassfield, southward (Fig. 10). 

The Irvine Formation. 

Marius R. Campbell gives the following description of the 
Irvine formation :* 

"The Irvine formation consists of unconsolidated sand, grav- 
el, and day, which originally covered the intermediate valley 
of the Kentucky river near the eastern edge of the Richmond 
quadrangle^ the area witliin twenty miles of Richmond, but 
M'hieh are now found capping the river hills — the few remnants 
of what was once an extensive and continuous surface. It is 
named from the town of Irvine, which is located on the Ken- 
tuckv river, twentv miles southeast of Richmond. No fossils 
have been found in these sands by which to a.^rertain their po- 
sition in the geologic time scale, so that we are forced to fix 
their age by their relation to the topography of the region. Un- 
fortunately, the dates of the principal topographic features 
have not been accurately determined, and that of the Irvine 
formation can be stated only provisionally, l>ait its close cou- 
nwtion with the Lexington peneplain certainly indicates that 
it is much older than the Pleistocene p(»ri(>d. Since the sand 
occurs on the floor of the intennediatc* vallev of the Kentuckv 
river, and if^ dissected by the erosion which producerl th(» gorge 
of that stream, it must have been deposited in the period that 
intervened between the cutting of the intennediate valley and 
the cutting of the gorge. Tlie geologic period in which the in- 
termediate valley was eroded .has no{ been dotermined with 

^Bkfainond, Ky.. Folio, U. S. Geological Survey. 1896. 
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certainty, but .siucj it is cut ooly a slight distance beiow the 
surface of the Lexington' peneplain, and to only a moderate 
breadth, it must have been formed soon after the peneplain 
was raised above sea-level. The age of this peneplain has been 
provisionally accepted as Eocene, and that of the intermediate 
valley as Neocene; hence the deposits lying upon the floor of the 
intermediate valley miiet have bei»n laid down after the valley 
was cut, or po^sumably in the closing stages of the Neocene 
period." 

On the geological map which accompanies the Richmond 
folio, published in 1898, Mr. Campbell indicates certain areas 
between Brassfield, Irvine, and the Kentucky river as contain- 
ing strata of Irvine age. A study of the areas delineated as 
underlaid by the Irvine formation between Portwood, or By- 
beetown, and Cobb ferry, northeast of Waco, and near College 
Hill, indicates that the Irvine formation here is the source of 
the clay® from which the pottery-ware, which is manufactured 
at Waco and Bybeeton^^n, is constructed. Extensive private 
sun^eys by the Searcy Roof-tiling Manufacturing Company 
have demonstrated the presence of these clays over wide areas 
in the territory indicated. Extensive sandy beds, as well as more 
limited pure, plastic clays, occur. These deposits rest on the 
eroded surface of the Devonian Black shaJe. The deposits at 
Inine also rest upon these shales. 

Exposures of the Inine formation are much more extensive 
than indFeated on this map. They occur at numerous points 
above the 800-foot contour line in the area between Waco, Ir- 
vine, day City, and Indian Fields, always resting on the De- 
vonian Black shale. An excellent exposure forms the top of 
the ridge east of Long branch, six miles south of Indian Fields. 
At the great clay pit alon^ the railroad west of Indian Fields, 
the thickness of Irvine clay varies from two to five feet. It is 
very sandy and contains pebbles. Along the road from Indian 
Fields to the Oil Spring, and, again, south of the home of John 
fioff, Irvine deposits rest upon the phosphatic nodule layer at 
the base of the Waverly series. Aloni^ the road southwest of 
Clay City, frcxm Tipton ferry to Plum creek, the Irvine forma- 
tion rests on Black shale, is sandy, and contains pebbles fully 
three quarters of an inch in length. 

East of Clay City the Ir\ine formation may be traced up the 
valley of the Red river to Rosslyn, at the mouth of Cat creek. 
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Here it reste upon AVaverly clay, of which a thickness of ten 
feet is exposed; the Waverly clay contains thiin interbedded 
layers of ferruginous indurated rock. Above this level is a 
gravel bed containing both angular and rounded pebbles, con- 
sisting of free-stone, (quartz, and. chert derivcnl from the upper 
limestones of the Mississippian dei)osits of this part of Ken- 
tucky. The thickness of this gravel layer is two feet nine 
inches. This is overlaid by sandy clay, six feet thick, jEoUowed 
by a <;onsiderahle deposit of whitish clay, about thirty feet 
thick. 

From Irvine and Bra^sfield the Irvine formation mav be 
traced southwestward, everywhere resting on the eroded Black 
shale. White Irvine clay, with ferruginous sandy material in 
it, occurs at the Bear Wadlow, three miles east of Bobtown; 
also, southwest of Bobtown, northeast of the Now Liberty 
church. Similar exposures occur at numerous exposures be- 
tween Cartersville and Wallaceton, and also westward, towar<l 
Crab Orchard. Southwest of Crab Orchard, the Irvine forma- 
tion is exiposed alon^ the county road west of the main branch 
of Cedar creek, resting upon Siluria^i deposits. 

The only deposits which have proved to be of economic in- 
terest, so far At leaist, are those near Waco. Elsewh(»re thi* 
sandy element in these clays has proved an injurious feature. 
This does not mean, however, that it is useless to look for othc^r 
deposits of Ir\'ine clay which might be useful for pottery. Ow- 
ing to the small amount of overlying material to be removed, 
even comparatively thin layers of plat^tic white clays would 
have considerable value provided they were of the desired chem- 
ical composition. 

Derivation of Sediments from the A\'aste of the Cinc^inxati 

Geanticline. 

In the American Journal of Science for 1897, Professor H. 
S. Williams ©tates his beliief tluit a lar<?e share of the Black 
shale material was derived from the waste of the* CiiwMnnati 
geanticline, that the Black shale mud was distributed over the 
area where Bla^ck shale depa<J!its now aiM» known by a laifje cui'*' 
rent similar to the Florida current, which is a branch of the 
Gulf Stream. In the area Ix^tween th<- Cincinnati jjeanticline 
ami the most eastern exposures of th(^ Black shale in Virjjinia 
the Black shale muds of the Black shale seric^s are Ix^lievcMl to 
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have come from the Cincinnatian areh, while the arenaceous 
sediments belongint^ to this series are believed to have resulted 
from the disintejp'ation of Archaean rocks farther eantward, 
in the territory to which Profe^isor Williams applies the term 
Appala<!hia« These arenaceous sediments increase in quantity 
and are found lower in the Black shale section on approaching 
the land edge of the Appalachian territory. Toward the Cin- 
cinnati geanticline, however, the deposition of black shale muds 
continued for a much longer period. 

In a paper on the Silurian and Devonian limestones of Ten- 
nessee and Kentucky, puhliisjied in 1901, the writer adfvocated 
the idea, that the plastic material of this clay might have had 
an origin similar to those deposits of loess which appear to 
have resulted from the dissemination of wind-blown d-ust which 
found its final lodgment in moist areas, swampy lands, or shal- 
low seas devoid of currents strong enough to sweep these light 
sedimentij away. As matters stand at present, this theory is 
founded rather upon imagination than observation. 

It is evident that not onlv the source of the clastic material 
()f the Devonian Black shales, but also the source of the exten- 
sive and thick deposits of the fine-grained Linietta day at the 
base of the Waverly series requires explanation. AATiy do the 
Black shales contain so much carbonaceous material and the Lin- 
ietta or Bedford shales, of east-central Kentucky, so little? What 
caused the «abrupt change from carbonaceous to non-carbon- 
aceous deposits? If the Black shale deposits were formed by 
muds derived from the disintegration (ff rocks along the Cincin- 
nati geanticline, was the source of the Linietta clays not the 
same? 

In the Richmond folio, published in 1898, Marius R. Camp- 
b(*ll n*fers to the Irvine clays used in the manufacture of pot- 
terv at Waco as residual clav of the shale member of the Panola 
formation. The Panola formation includes the Silurian di*- 
posits of east-centraJ Kentucky, and also the Devonian lime- 
stones of this area. The shale member of this formation in- 
(*ludes the Alger fonnation, the upper part of the Crab Orchard 
division of the Silurian. These clays were once exposed much 
farther eaM up th(* flanks of tho geanticline than at prescmt^ 
so that the statements by Mr. Campbell may be interpreted 
as cH|uivalent to saying that the Inine clays at Waco were de- 
riviHl from the direction of the Cincinnati geanticline. 
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DETAILED ACCOUNT OF SECTIONS OF SILURIAN 
AND DEVONIAN ROCKS OF EAST- 
CENTRAL KENTUCKY. 



GENERAL INDEX. 

A. Sections west of Stanford, page 139. 

B. Sections between Crab Orchard and Stanford, south of the Louisville 

& Nashville Railroad, page 142. 

C. Sections between Crab Orchard and Stanford, north of the Louisville 

& Nashville Railroad, page 148. 

D. Sections east and northeast of Crab Orchard, chiefly in the north- 

western corner of the London quadrangle, page 152. 
BL Sections between Crab Orchard and Berea, page 156. 
F. Sections between Hammack and Lancaster, page 163. 
Q. Sections between Berea and Whites, page 165. 
H. Sections between Berea and Brassfleld, page 168. 
L Sections between Irvine and BrassAeld, page 171. 
J. Sections between Moberly, Waco, and the Kentucky river, page 178. 
K. Sections between Indian Fields, Vienna, and Lulbegrud creek, page 

183. 
L. Sections between Righ tangle and Merritt, page 189. 
M. Sections between Indian Fields, Clay City, and Lulbegrud creek, 

page 191. 
N. Sections west of Indian Fields, along the railroad, page 195. 
O. Sections between Indian Fields and Jeffersonville. page 197. 
P. Sections between Spencer and Olympia, page 203. 

In the following detailed account of the various sections 
of Silurian and Devonian limestones studied in east-central 
Kentucky the aim has been to enable those interested to learn 
prei'isely what deposits may be found at each locality named. 
The sections described have Ikh^u selectc^l in such a manner 
that practically the entire territory between Stanford and 
Owingsville where Silurian and Devonian deposits are known 
to occur, has been covered, and any one interested in any special 
district can find descril>ed some section sufficiently near this 
district to enable this inf\'estigator to recognize also the strata 
which are present in the area in which his special int<*rest 
centersu 

West of Berea the subdivisions of the Orab Orchard division 
of the Silurian have not l>een detenu iniMl definitely. The cor- 
relations indicated in the descriptions and on the plates of sec- 
tions are merely provisional. 
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The Dumber given at the beginning cf each section described 
is the number by means of which the locality is designated on 
the accompanying maps and sections. The letters preceding 
the hyphen (-) indicate the atlas sheet or quadrangle of th(» 
Geologic Atlas of the United States on which the number is 
to be found, and the letters following the hyphen (-) indicate 
the section of this quadrangle on which the number is located, 
while the page on which the map is found is given in the taUe 
below, as follows: 









FISW 


Fl-S 




RN 


R-NE 


B-NW 


BN 




R-M 


RE 


BW 




H-SE 


RSW 


RS 


R-SE 


BSW 




CONE 


L-NW 











DiacnuB indioting zvUtivc positioii of road mapa accompanyixic this boIWtiii. 



Quadrangle. Section. Map on 

Pas« 
CO-NE Crab Orchard Northeast 140 

L-NW London Northwest 140 

H-S Harrodsburg South 140 

H-SB Harrodsburg Southeast 140 

R-SW Richmond Southwest 155 

R-S Richmond South 167 

R-SE Richmond Southeast 178 

R-E Richmond East 178 

R-NE Richmond Northeast 185 

B-W Beattjrville West 178 

B-NW Beattyville Northwest 158 

F1-8W Flemlngsburg Southwest 202 

See Index of Maps and Localities at the end of this Bulletin 
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A. Sections West of Stanford. 

(Map 1, page 140.) 

North of Junction City, three quarters of a mile north of the 
railroad crossing^ at Duffln cut 

Black shale. 

Rock having a brecciated appearance, weathering 
brown, containing a few crinoid stems and corals, 
the weathered surface occasionally showing numer- 
ous small quartz concretions. Sometimes not hav- 
ing the brecciated appearance, and then well- 
bedded. It contains fucoidal markings. This layer 
may conveniently be called the Duffln layer. It 
appears to be widely distributed 6 ft. 

Bluish white siliceous limestone, full of chert layers 

and concretions, with Devonian corals 4ft. Sin. 

Denae bluish white limestone 6 in. 

Dense bhiish white limestone, with chert, and with 

CystiphylUm 2 ft. 4 in. 

Thin shal^ limestone, badly weathered, with fenne- 

stelloid bryozoans and other fossils 4 in. 

White dense limestone, with abundant chert concre- 
tions of small size, also with large crinoid stems 
at top 2 ft. 

Dense light gray limestone, with lietirithiria fimbriatfi, 
and large fucoidal markings, Taonurus caudauuUi, 
near the base, and with fish teeth just above the 
base 2 ft. 6 in. 

Top of Ordovician, Richmond division. 

Clay rock, cracking irregularly 7 ft 

Fault at north end of cut. 

Rock, with Platffstrophia lynr, Lophospira JtoirilmL 
Lophospira tropifhtphntv, belonging to the Mays- 
ville division. 

52 H-S. — At th(' Buffalo sprinj?, about a (luarter of a mile 
west of Stanford, on the pike to Hustonville. 

Black shale. 

Brecciated or Duffln layer. Total thickness of De- 
vonian rock 11 ft 

Devonian faulted against the Ordovician. 

Three quarters of a niilo southwest of the Buffalo spring, 
west of Stanford, and then about half a mile northwest of the 
pike, along another road. 

Here six feet of Devonian limestone is exposed beneath the 
Black shale. The total thickness is unknown. 



HO 




KENTUCKY GEOLOGICAL 


SURVEY. 




— v^ 








^ 


^ 


»Iatanfohd \ ^~\^^ 




2lC^ 




^ 




rT 


xT"'^^*) 


&k 


^\ 'X/ 


) k 


t^ C-'frr' [fTt i-r 


V^^/^^ 












V 


""^ ^s 


\\-. .^j^s. / 


\~i' 


\ "^y 




^A 


( \\t. ^V J"^ 


)} 


siTil 


^» 


JL 




k ' 




* ^v 


4. ..,.,-%ir^ V-^ 


^x 


\ / /y» 


-/< 


@ 






y&^ 


-^^ 


-^ 


^^^^V ' 'C^/¥nZ! 


?>,( 


^ ^'^\^'~-^f^^^^^^'~^ 


1 


^^^ 


^13 _^J^iif^^'C^^i^JCr - -<iy-^ 


Q 


■f 7V^£J>-^t4^ 


^ 


^^\^ 




^^ 






^^ { \^J*3i ^^ ■ 


f 


L '"■ y^:^ \^\i-r^ '1 


\ 

/ 


f 


_3' x^'i/ / ]^i?i^ 


^ 


^ftS 


> 


''tMpil ia 




s 


<^' \ "' 


^ 


< 


L!_lf ' 


ROCKCASTLE COUNT^^s^Xj 



Hap. t. Hap of mna bctwani Stanford. Cnb Orehud and LaocMICT. 



KENTDCKY GEOLOGICAL SURVEY. 
S NCAL CREEK CHURCH^^ 




ig 



ml ° 

1 X -n 



142 KENTUCKY GEOLOGICAL SURVEY. 

Much Devonian chert is found half a mile south of the pike, 
along a road turning oflf a short distance westward. 

B. — Sections Between Crab Orchaud and Stanford, South 
OF THE Louisville & NASH^'ILLE Kailroad. 

(Figure 1, plate C, page 14L) 

20 CO-NE.— Southwest of Crab Orchard, alK)ut two miles 
from the railroad station, east of the road leading to Chapel 
Hill, east of the east fork of Cedar creek, near the bridge. 

The thickness of the Devonian limestone is eleven feet. The 
contact with the Black shale is exposed. 

17 CO-NE. — Southwest of Crab Orchard^ about three miles 
in a direct line from the railroad station; reached by following 
the Chapel Hill pike almost three miles, and then turning off 
westward along a road which crosses the main fork of Cedar 
creek about a mile and a half from the pike. 

The Black shale is exposed down the creek for a considerable 
distance. In one of the side valleys northeastward, a fine spring 
issues from beneath a massive exposure of Devonian limestone, 
nine feet thick. The Crab Orchard clay shale (Alger day), 
along the uippi^r part of the main fork of Cedar creek (16 CO- 
NE) is at least fiftv feet thick. The total thickness is not ex- 
posed at any point visited so far. 

19 CO-Nk— West of Crab Orchard, about a mile and a half 
west of the railroad station, along the county road a short dis- 
tance west of the home of Cvrene G. Ware. This mav be at 
the «ame local it v as that described next. 

Here the total thickness of the Brassfield bed, to the top 
of the layer containing numerous lari^e crinoid In^ads, is thir- 
teen and a half feet. The lower part of the section, two and a 
half feet thick, consist* of massive limestone, while the over- 
lying part consists of limestone layers of moderate thickness. 

18 CO-NE. — West of Crab Orchard, almost two miles west 
of the railroad station, east of the crossing of the county road 
over a small branch of Cedar crcn*. 

The contact Ix^lween the Silurian and Ordovician is ex- 
posed. Of the Silurian, the lowvr part, twenty-three to twenty- 
five feet thick, is seen; this includes the more massive Brass- 
field bed at the base, and the more clayey beds with more or 
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less intercalated liuiestone (Indian Fields formation) immedi- 
ately above. The Silurian limestones have weathered to a rusty 
brown. In the upper part of the Brassfteld bed, the following 
fossils were found: Orthis flabcllites, IHaiytstrophia dayton^^n^ 
sis, Leptdctm rlioinboidalis, Vyathophyllum daytotiensis, and. 
Cyathophylluni calyciilum. 

15 CO-NE. — West of Cedar creek, along the county road, 
the base of the Silurian section is formed bv the more massive 
limestone, eight and a half feet thick, belonging to the Brass- 
field bed. This is overlaid by softer rock, about three feet thick, 
followed by more solid limestone, probably belonging to the 
horizon which elsewhere contains the large crinoid beads. Ten 
feet above this level, and for some distance farther west also 
at higher levels, there is a whitish clay occupying the horizon 
of the Crab Orchard clay shale, but resembling the clays of 
th« Irvine formation. 

14 C50-NE. — West of Crab Orchard, about three miles in a 
direct line from th*^ railroad station, along the county road east 
of a branch of Cedar creek, at the home of Abel Btyant> 

The following section is exposed, described in descending 
order: 



Thickness. 



Total 

from base of 

section. 



Red soil, containing Devonian brachiopods 

Crab Orchard clay shale (Estill and Waco horizons) 35 ft. 

Massive limestone layer 2 ft. 

Clay (Lulbegrud clay) | 6 ft. 

Chiefly limestone, with some interbedded clay (top of ' 

Oldham horizon) 2 ft. 

Poorly exposed 1 ft. 6 

Solid limestone layer 8 

Poorly exposed (Plum creek clay) 5 ft. 

Limestone, large crinoid beads at base 1 ft. 

More massive limestone, belonging to the Brassfleld 

bed .' : 11 ft. 

Top of Ordovician. 



in. ■' 
in. 



64 ft. 2 in. 
29 ft. 2 in. 
27 ft. 2 in. 

21 ft. 2 in. 
19 ft. 2 in. 
17 ft. 8 in. 
17 ft. 
12 ft. 

lift 



The followinji: is a more detailed de^rXTiption of part of this 
section, also in descending order: 
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Thickness. from bM«of 
I section. 



I 1 

Reddish brown limestone 1 ft. 6 in. , 30 ft. 1 in. 

5 ft. . 28 ft 7 in. 

4 in. 23 ft. 7 in. 



Soft blue Lulbegrud clay 

Light brown limestone, at top of Oldham bed. 



Blue clay 6 in. 23 ft 3 in. 

Limestone 6 in. . 22 ft « in. 

Clay and thin limestone ' 2 ft 22 ft 3 in. 

Reddish brown limestone, at base of Oldham bed 3 in. 20 ft. 3 in. 

Plum Creek clay and rotten rubble stone 5 ft 20 ft. 

Hard, reddish brown limestone 2 ft j 15 f t 

Horizon with large crinoid beads 

Reddish brown stone, belonging to the Brassfield bed.. 

Massive limestone 2 ft 

Top of Ordovician. 



11 ft 13 ft 

2 ft 



The tlittVreiiccM between these iHH-ords are due to changes in 
the exposure, ei<!:ht years havinjj: intervenml; the dropping of 
the limestone layers, owing to the washing out of clay along 
the roadside^ obscures different parts of the sections at different 
times. 

13 CO-NE.— West of Crab Orchard, almost three and a half 
miles in a direct line from the railroad station, west of a branch 
of Cedar creche, east, of the home of Oeorge Boone. 

Devonian brachiopods are found ii. the red soil along the 
road. Northeast of the house, at the spring, the thickness of 
the Devonian limestone is about eight and a half feet. 

12 CO-XE. — About a (piarter of a mile farther went, the fol- 
lowing section is exposc-d, descpil>ed in descendittg order: 



Thickness. 



Total 
above 
of fi«etina. 



Devonian limestone. 

Crab Orchard clay shale (Estill and Waoo horizons)..! 20ft ' 47.5ft 

Massive limestone layer ' 2 ft • 27.5 ft 

Clay, poorly exposed (Lulbegrud clay) 5 ft 6 in. 25.5 ft 

Limestone, at top of Oldham horizon 1 ft. 6 in. ' 20 ft 

Chiefly clay (chiefly Plum Creek clay) ' 6 ft 6 in. 18.5 ft 

It is estimated that the base of the Brassfleld bed is at 
least twelve feet farther down, but this part of the * ' 

section is not exposed ' 12 ft. 
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11 CONE. — West of Crab Orchard, a little less than four 
mileB west of the railroad station, along the county road, tluen 
south along a road leading to Cox gap. 

A short distance up this road the contact between the Black 
date and the Devonian limestone is seen. The thickness of 
this limestone is eleven and a half feet The top is dark brown 
and has a sort of brecciated appearance. The underlying part 
contains Spirifers and Atrypa reticularis. A considerable thick* 
ness of the more continuous part of the Crab Orchard clay shale 
is exposed beneath the Devonian limestone. This wa;^ estimated 
at the time of the visit to be aibout thirty-five feet thick, but 
this estimate is probably too large, in view of the carefully 
measured sections along the county road. This section requires 
further study. Some fairly well stratified rock is stated in 
former notes to underlie the Devonian limestone, but no rock of 
this description is known in the more continuous part of the 
Crab Orchard shales ; possibly it also belongs to the Devonian 
limestone section, which at this localitv mav be of unusual 
thickness. 

10 CO-NE. — ^W'est of Crab Orchard, about four miles in a 
direct line from the railroad station, along the cminty road, 
west of a branch of Cedar creek, at the home of William 
Pleasants. 

The thickness of the exposed part of the Devonian limestone 
is six and a half feet. The total thickness is not known. Im- 
mediately below, the upper, more continuous Crab Orchard clay 
shales are exposed, eleven feet thick. 

9 CO-NE. — ^\Test of Crab Orchard, about four and a (luarter 
miles in a dirwt line from the railroad station, along the county 
road, half a mile east of the point at which the road turns 
sharply northward. 

The contact between the Black shale and the Devonian lime- 
stone is exposed. The limestone is a very dark grayish blue, 
like the lower part of the Devonian at Duffin cut. The exposed 
part is two feet four inches thick, but its total thickness is esti- 
mated at five feet. The Devonian limestone rests on clayey 
shale, seven and a half feet thick, belonging probably to the 
more continuous part of the Crab Orchard clay shales. Im- 
mediately below there is a considerable exposure of the under- 
lying Silurian rocks, but their thickness was not d(»t(»rmined. 
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8 00-NE. — ^TV'est of Crab Orchard, about four and a half 
miles in a direct line from the railroad station, along the county 
road, west of a point at which the road turns off toward the 
north* 

The base of the Devonian limestone rests upon a layer of 
reddish brown limestone, two feet thick, which is believed to 
be the massive layer at the base of the more continuous part of 
the Crab Orchard clay shales (at top of the Lulbegrud clay). 
Of the Devonian limestone only the lower part, three feet thick, 
is exposed, but the total thickness is estimated at, at least, 
six feet 

7 CO-NE. — ^West of Crab Orchard, about five miles from the 
railroad station, along the county road, where the road turns 
sharply northward, northwest of the home of James Thomas 
Bailey. 

Here the following section is presented, described in de- 
scending order: 

Black slate. 

Red clay, resulting from the decay of Devonian lime- 
stone 1 ft 

Clay 1ft 

Clayey limestone 4 in. 

Clay at base of Plum creek horizon 1ft 

Massive limestone (base of Crab Orchard division)... 1ft 6 in. 
Limestone, with large crinoid bteds in lower part.... 1ft 

Limestone belonging to the Brassfield bed 11 ft 

Upper beds of Richmond division of the Cincinnatian 

series of the Ordovician. base not seen 40 ft 

The Brassfield bed at this locality is quite crinoidal, although 
the fragments of crinoid stems show that the diameters of the 
stems are small. 

6 CO-NE. — Southeast of Hall Gap station, about one mile 
from the station, at the school at the road corner a little over 
half a mile north of James Thomas Bailey, on the county road 
leading west from Crab Orchard. 

The thickness of the Richmond bed» exposed here is at least 
one hundred feet, but the base of the Richmond section is not 
seen. 

5 CO-NE. — South of Hall Gap station about one mile, and 



KENTUCKY GEOLOGICAL SURVEY. 147 

then a quarter of a iiiik' east on the county road leading west 
from Crab Orchard. 

Below the Black slate there is red clay resultinj^ from the 
decav of limestone, evident! v of Silurian a^'e. Ordovician rock 
is found north of the Black shale exposure, api^arently sep- 
arated from the latter by a fault. 

4 CONE. — A little over a quarter of a mile westward, north 
of the road corner, the Black shale rests upon rock too decayed 
to be recognizable, twelve feet thiek. Inwnediately below, the 
top of the Ordovician is exposed. The greater part of the de- 
cayed rock is believed to belong to the Brassfield bed; in case 
the Devonian is verv thin or absent, it mav include all of the 
Brassfield bed up to the level of the layer containing the large 
crinoid beads. No silicified Devonian f(»ssils were found in the 
upper part of this decayed rock. Apparently the Devonian is 
absent at this locality, and avS far west as Neal creek church. 

3 CO-NE*. — A mile west of the last localit.v is another ex- 
posure showing th^3 base of the BlaK^'k shale. It is reached by 
going from Hall Gap station less than a mile south, then almost 
a mile west to the Hall Gap pike, and finally north along this 
pike almost half a mile to a point soutli of the blacksmith shop. 
The Brassfield In^d is exposx^l along tli'* road north of the shop. 
But very little of the rock can be seen. 

2 CO-NE. — IjOh^ tlian half a mile north of the last exposure, 
a road turns oflf from the pike in a southwesterly direction; 
about half a mile from the pike, a short distance l>efore reaching 
Hale's well, the Imse of the Black shale is s<>parated from the 
top of the Ordovician by an unexposed interval, six feet thick, 
believed to be formed by the decay of the lower part of the Brass- 
field bed. 

1 C?0-NE. — North-west of HaJe's well, about one mile in a 
direct line, and al>out three miles south of Stanfoitl, along Neal 
creek, below Neal creek church. 

A short distance east of the church, the Black shale rests 
on the Btassfield bed. The thickness of the IkmI preserved at 
this loc*ality is eight and a half feet. Only the lower part of 
the bed is present, the top layer with the large crinoid beads 
and Whitfieldella cyUndrxca-Huhquadraia not beins: preserved. 
As in the sections farther eastward, this lower part of the 
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Brasafield bed consists of rather luas^ive limestones^ the upper 
part of the exposure being more distinctly bedded. AVhere less 
weathered, in the creek, the rock has a bluish color. On the 
banks, where more weathered, its color is rusty brown. Some 
of the layers are sparingly crinoidal, but with crinoid stems or 
segments of stems of small diameter. The lowest layer of the 
Brassfield bed includes numerous rounded, black pebbles and 
grains, possibly phosphatic, varying in size from an eighth to 
a quarter of an inch ; a few equal even as much as an inch in 
diameter. Immediately below, the top of the Ordovician is ex- 
[fosed. 

The upper part of the Brassfield bed exposure contains the 
following fossils: Orthis flahellltes, Dahnanella clegantula, 
Strophonella daytoncthsiif, Paehydictyn hif areata, Halysites ca- 
tcnulatus, Favositea nidgarensisy Cyalhophyllwm calyctdtim, 
Tho fossils are most frequent in front of the home of John 
Raines. 

This is the most western exposure of the Brassfield bed on 
the eastern side of the Cincinnati geanticline, in central Ken- 
tuckv. 

C. — Sections Between Cbab Obchakd and Stanford, North 

OF THE LOI ISVILLE & XASHVILLE KAILROAD. 
(Figures 3, 4, 5, plate C, page 141.) 

22 CONE.— At the western end of Crab Orchard, immedi- 
ately north of the road following the railroad, at the head of a 
»niall gully. 

Immediately below the Black shale is a laver of brownish 
rock, eight inches thick, equivalent to the DuflSn layer. The 
underlying rock, two feet thick, contains masses of calcite, 
minute but distinct grains of quartz, and a few corals. The 
r(»mainder of the Devonian limestone section is sixteen feet 
thick; it is well stratifitMl, and can readily be quarried. At the 
base of this section, for a distance of three feet, the rock is 
white, solid, and crinoidal. Tho overlying part is more brown- 
ish or dark gray. Silicified corals have weathered out from 
layers at the top of the Devonian limestone section. The total 
thickness of the Devonian limestone exposed is about nineteen 
feet. The contact between the Devonian and Silurian can not 
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be seen, but is probably immediately below the crinoidal lime- 
stone. 

In the crinoidal layers at the base of the sei*tiou, crinoid 
stems of considerable thickness are found. Immediately above 
these crinoidal layers, several Spirifers with hingelines three 
and a half inches long were seen. The overlying, well strati- 
fied beds are almost devoid of fossils. 

21 00-NE. — West of Crab Orchard station, where the road 
along the northern side of the railroad turns northward, a little 
over two miles west of the station. 

Along the railroad there is an excellent exposure of the 
Devonian limestone, sixteen and a half feet thick. The top of 
the limestone section, iniinediately bellow the Black shale, for 
a thickness of thirty inchcj*, consists of the brecciated or Duffin 
layer. Beneath this, there is a bluish layer, three feet thick. 
The lower part, eleven fe<^t thick, consists of well stratified 
layers of gray, argillaceous-looking limestone. Xo part of the 
Devonian limestone sec*tion is crinoidal. In g<*neral the rock 
resembles the lower part of the Devonian limestone section at 
Junction City. Below the Devonian limestone, at the western 
end of the railroad cut, the Crab Orchard clay shales (Alger 
clay) are well exp<is<Ml. 

A salt well was formerly worked in the field?* southwest of 
the railroad in the Crab Orchard shales. 

31-32 CO-NE.— Northwest of Crab Orchanl, about two and 
a half miles from the center of the village along the pike to 
Stanford, from the first road east of Cedar creek turning off 
toward the north, to the road turning off south toward the 
railroad cut 

At the top of the section, eastward, Devonian corals are 
fonnd in red soil formed bv the decav of the Devonian limestone. 
Below this red soil the following strata are found, in descend- 
ing order: 

Crab Orchard clay shale (Estill and Waco horizons) . . 66 ft 

Massive limestone layer 1 ft. 3 in. 

Chiefly clay (Lulbegnul clay) 6 ft 6 in. 

Limestone layers, poorly exposed, base not seen 2ft 

In this section no a(*(Ount is tak(Mi of the eastwanl dip of 
the strata. The thic^kn(^s8 of the Cvab Orchard clav shales 
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(Alger clay) above the massive limestone probably exceeds 
eighty feet at this locality. 

29 CO-NE. — Northwest of Crab Orchard, three miles from 
center of village, along first road east of Cedar creek turning 
north from pike to Stanford, about a mile north from the Stan- 
ford pike. 

The Brassfield bed is exposed at the top of the hill, before 
descending into the valley of Cedar creek. The upper part of 
the Richmond division of the Cincinnatian series of Ordovician 
rocks, ninety feet thick, is found immediately beneath, while 
farther northward the Maysville bed is exposed, probably sep- 
arated by a fault. At the top of the Maysville bed Platystrophia 
lynx is present. 

28 00-NE.— Northwest of Crab Orchard, about three miles 
from the center of the village, east of the crossing of the pike 
to Stanford over Cedar creek. 

North of the pika the following section is exposed, described 
in descending order: 



Thieko' 



Etovatkm 
of 



I 



3 ft. j 24 ft 4 m. 

8 In. 1 21 ft 4 in. 



Top of limestone layer. 

Interval 

Sandy limestone layer, massive 

Poorly exposed, chiefly clay (Plum creek horizon) 5 ft 6 in. 20 ft 8 in. 

Massive sandy limestone, with large crinoid beads | 2ft I 15 ft 2 in. 

Soft rock, poorly exposed ' 2 ft 13 ft. 2 in. 

Massive limestone, sandy at top 2 ft ; 11 ft 2 in. 

Soft rock, poorly exposed | 1 ft 6 in. j 9 ft. 2 in. 

Limestone, in layers, belonging to the more massive ! 

part of the Brassfleld bed 3 ft 4 in. j 7 ft 8 in. 

Massive limestone, belonging to the Brassfleld bed 4 ft. 4 in. 4 ft 4 in. 

Top of Ordovician. 



The layer containing the lai^e crinoid l>eads appears to be- 
long to a very constant horizon, at the (op of the Bra5i»field bed. 
Some of the crinoid beads have a diameter of three quarters of 
an inch. Whitfieldrlla Cjilindrxca'Suhquadratas and Leptaena 
rhomhoidaUs occur in the upper part of the sandy limestone 
containing the crinoid beads. 

In the bottom of Cedar creek valley, on the south side of 
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the pike, rock is exposed dipping southward at angles varying 
from twenty to thirty-five degrees. 

27(X)-XE. — Northwest of Crab Orchard, about three aud 
a half miles from the center of the village, west of Cedar cnek, 
at the southeastern corner of a hill north of the pike. 

Here the followii»g section is exposed, described in descend- 
ing order : 

Massive Umestone layer 1 ft. 

Softer rock ; 3 ft. 6 In. 

More massive limestone, belonging to the Brassfield 

bed 10 ft 

Ordovician rock of Richmond age, total Richmond sec- 
tion not exposed 70 ft. 

The limestone layer at tlie top of th(* s(H-tiou In^longs strati- 
graphically to the W'hitfiddeUa horizon, at the top of the Brass- 
field bed. 

23 CO-NE.— Northwest of Crab Orchard, along the pike 
to Stanford, about an eighth of a niih^ northwest of Walnut 
Flats, five mil(*s from the center of Crab Orchard. 

Here the layer lontaining the large erinoid beads, at the 
top of the Brassfield lK»d, is exiwsed. The* roek has a strong 
southward dip. The underlying massive part of the Brassfield 
bed is exposed, but not in sm-h a manner that the total thickness 
of this bed can be determined. Faulting appears to have taken 
place; the rock forms a poor ex>iK)sure along the nortlu^m side 
of the pike, and only a thickness of six fe(*t can be determined 
with confidence. IIowev<T, the original thickn(»s«f of the IkhI 
was probably alwut ten to thirteen feet, as elsewhere in this 
part of the State. 

24 CO-NE. — Three quarters of a mile southeast of the AVal- 
nut Flats, the elevation of the Brassfield IkmI is fully eighty 
feet above the exposure of this IwmI northwest of Walnut Flats. 
From the more eastern localitv, the Clinton or Brassfi(4d IkhI 
dips rapidly toward Cedar crc(»k. Th(* probability is that the 
series of faultn which cross the countrv north of Harmon creek 
connect with others following the same general direction in 
the vicinity of the AValnut Flats. 

The base of the l^rassfield In^d, thnn* quarters of a mil(» south- 
east of the Walnut Flats (25-OO.NE) is one hundred feet 
higher than the Imse of the same Ix^l about half a mile west of 
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Cedar creek, and 130 feet higher than the base of this bed east 
of Cedar creek. The layer with large crinoid beads is exposed 
half a mile west of the creek, west of the culvert 

1 H-SE. — East of Stanford three miles, on the pike to Crab 
Orchard, west of the point at which the rr>ad to Preachersville 
turns off, north of the pike. 

MhitficUU'Ua cyUnilrk-a'Suhquadrafa occurs in loose blocks; 
a little limestone belonging to the Brassfield bed is exposcil. 
There is plenty of chert weathered out frimi the Ilevonian lime- 
i^tone immediately alH)ve the limestone blocks belonging to the 
Brassfield bed. The Crab Orchard clay shale» appi^ar to have 
been removed before the deposition of the Devonian. 

D. — Sections East and Northeast of Crab Orchard, Chiefly 
In the Northwestern Corner of thk liONDON Quadrangle. 

(Figures 2, 3, plate C» page 141.) 

1 I^XW. — Southeast of Cra'b Orchard, a little over a mile 
from the railroad station, north of the pike north of the rail- 
road, east of a branch of Fladea creek, near the home of Bill 
Monk. 

The contact between the Black shale and the Devonian lime- 
stone is sei»n along tlie pike. The top of the Devonian lime- 
h'tone section consists of a fine-grained, brownish rock, not well 
exposed, possibly three feet thick, eciuivalent to the Duffin layef. 
As UKual, it contains very few foj«il8. 

Immediately below, niassive, white limestone, eleven feet 
thick, is exposed. The rock contains numerous sptn^imens of 
corals, and also a few brachiopoils, evidently of Devonian age, 
however not in a condition favorable for collecting. The lower 
part of the section, five feet thick, is crinoidal. 

TIm? total thi<*kness of the "Devonian limestone .exposed is 
al>out fourteen feet. The contact of the Devonian with the 
Silurian can not be seen at this locality. 

2 L-NW. — East of Crab Orchard, less than two miles in a 
dinnt line from the railroad station, rcachwl by following the 
road to Bill Monk'st house, and then turning off northeastward 
for a distance of thrc^e quarters of a mile, at the bluff on the 
south side of the valley of Dix river. 

The Black slate overlies Devonian limestone, fifteen and a 
half feet thick. About four and a half feet above the base of 
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the limestone, Atnjpa reticularis, a lar^o I>(*v()iiiau Spirifrr, 
and some corals are found. The liniesioiie occurs in layers one 
to two feet thick; it is not crinoidal. In the ni>i>i'v part, corals 
occur. 

3 L-NW. — Southeart of Crab Orchard, a litth^ over two miles 
fnmi the railroad station, alcn*:: the pike north of the railroad 
where crossed by a small stream emptying into Dix river, near 
the home of Mr. IIcnvaiHl. 

The contact between the Black shall* and the Devonian lim(»- 
stone is seen. Of the Devonian limi^tone a thickness of about 
thirteen feet is exi>osed, but the total thickness may be «;reatcr 
since the contact lx*tween the Devonian and Silurian can not 
be seen at this locality. 

The lower part of the section, four fe(»t thick, contains small 
Spirifcrs and other bra.chioi>ods. Immediately above this 
brachiopod horizon specimens resembling Taonurus cmula<faHi 
are abundant 

38 rO-NE. — At the northeastern edge of Crah Orchard, alnjut 
a quarter of a mile from the center of the village, along a road 
turning oflF at the .-school in th(* nortln^n ]>art of Crab ()rchar<l. 

The thickness of the Devonian liuK^stone at this localitv is 

« 

nine feet. The contact with the Bla -k f-iiale is exposed. 

5 I^NW. — Northeast of Crab Orchard, al>out a mile and 
thr(»e quarters in a direct line from the c(Mit(T of the ^illage, at 
the bluff north of Dix river, half a mile s^outh of Fall Lick creek, 
south of the road. 

The thickness of the Devonian limestone* is ten and a half 
feet The base of the Devonian rests u]Hn\ the more continuous 
part of the clay shales, forming the PXill clay division of tlu* 
Crab Orchard bed. The top of the Crab Or<hanl clay shab^ is 
about ninety feet, alnive the bed of the cre(»k; since the lime- 
stone layers belonging to the Oldham and Brassfield hn\^ an» 
not exposed in the l)ottom of the crrck, the thickness (^f the 
more continuous Crab Orchard clav shales is estimat(Hl at m(>re 
thn ninety feet 

f>L-NT\^ — About thre{> quarters of a mile in a direct line 
northeast of the last localitv, the contact of the Black shale with 
the Devonian limestone is s(M»n. The localitv is about a tifth 
of a mile east of the j)oint where a road turns off northwest- 
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ward and joins the road following the upper part of Fall Lick 
creek. 

7 LrNW. — ^About half a mile in a direct line northeast of the 
last locality, and a quarter of a mile before reaching Fall Lick 
creek, the thickness of the Deronian limestone is onJj six feet. 
Its base is thirty-five f(H.^t above the level of the creek, and the 
interval is occupied by the top of the Estill clay division of 
the Cra]> Orchard clay sliala The top layer of the Devonian 
limej*trine, four inches thick, has a brecciated appearance, and 
corre»iK)nds to the DuflRn layer. 

E. — Sections Between Crab Obchard and Berea. 

(Figures 2, 5. plate C. page 141; figures 1, 2, 4. plate D, page 154.) 

34 CX>-NE.— North of Crab Orchard, along the pike to 
Preachersville, about a mile and a quarter from the center of 
the village. 

Thii contacts belween the Black slate and the Devonian, 
and between the Devonian and the Silurian are well exposed. 
The total thickness of the Devonian limestone is twelve feet. 
At the top of the section, for a distance of four inches, the rock 
is gray, and has a brecciated appearance. This is equivalent 
to the Duffin laver. Imimediatelv below, the rock is weathered 
ti) a reddish brown, and a numlK^r of Devonian corals have 
weathennl out. Nortlnvard, in the fields west of the pike, the 
Al^ror clay division of the Crab Orchard shales are well exposed. 
The Clinton or Brassfield limestone is found at the bridge across 
Dix river. 

34-35 CONE.— X<:rth cf Crab Orchard, alonp the pike to 
PiH^achcryville, alK)ut a mile and a quarter from; the center of 
the village. 

The contact between the Devonian limestone and the Alger 
clay division of the Crab Orchard clay shales is se(»n along the 
pike. In a gully along the wc^storn side of the pike, the Crab 
Orchard shale is exposed for a distance of sixty-five feet below 
the Devonian contact At the base of the secticm a salt well 
jr()(»s still deeper into the Crab Orchard shale. The total thick- 
ness of the Crab Orchard shales is unknown, but the top of the 
section is alnmt seventy-six feet above the level of the bridge 
across Dix riv<»r. 
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36 GO-NE. — At ilie bridjife, a sectioa consisting of limejJitone 
alternating with clay rock, five feet thick, U exp'.scnL At the 
top of this section there is a layer of solid iimestuue, Uni luche;* 
thick, and at the bottom are two layers, of lime<»t4)ne having a 
total thickness of about eight inches, but the middies \K\vt con- 
tains considerable clay, and probably is equivalent to tlie Pluni 
creek clay layer. Below this sc*ction tlicre is a layer of niat^ive 
limestone, a foot and a half thick. The underlying limestone 
has a more eandy appearance, and contditts large crinoid beads 
and specimens of Whit field el I a cv/lindricVrSiohqiKylrata. This 
JS'hitjfieldella layer is a very constant horizon and forms the 
top of the nifn* coutinutm.^ limestone section, tihe IJrassfieid 
bed, in this part of Kentucky. 

North of the bridge, a thick layer of limestone is found ten 
feet above the level of the bridge. About a quarter of a mile 
north of the bridge, where the steeper part of the hill begins, 
this massive limestone layer is well expased about thirty-nine 
feet above the level of tlie bridge. Tht rock apparently dip8 
southward. It was not struck by the salt well at the foot of 
the Crab Orcliard shales in the section here described. It is prob. 
able that the total thickness of the Crab Orchard shal<^ aJwve 
this massive limestone, including tlie Estill ami Waico horizon*^, 
equals at least one hundred feet. The distance orf this lime- 
stone above the Whitfi^ld-ella, layer can not be determined at this 
locality with certainty. 

37 00-NE. — About half way bet^wen Crab Orchard and 
Preachersville, along the pike, between the bridges ovct Dix 
river and l)rake cre(»k, the Clinton or BrasKfield Wd is exposed 
at several localiti(»s west of the pike. Faulting has taken i>lac(\ 
with the downthrow on tlie southern side. Tlu^rc is evidence* 
of faulting also north of Drake creek, where the Bra^^^field IxmI 
is about one hundred feet alx>ve Drake creek. No studv of tlu* 
direction of these faults or the amount of throw of tlu* beds 
affected has l>een made as vet. 

4 H-8E. — Several faults occur alsr> less than a mile north- 
east, of that part of the* pilce from Crjib Orchard to Pr(\i(»h(*i's- 
ville which lies l>etween tlie bridgc^s over Dix rivcT and l>nik(* 
creek. These fault^i li<» al>our thnn* mih^ southwest of Ilam- 
maek, and may be reach(Hl by following the road (»a>-t from 
Preachersville. At the northern end c f the series of faulty, on 
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the southern side of Drake creek, along the steep ascent of the 
hill, there is a considerable exx)osure or the Maysville or Middle 
dinsion of the Cincinnatian series of roek«, but only about half 
of the Richmond division is exposed. South of the first line 
of faulting the Clinton with part of the clay division of the 
Crab Orchard bed is seen. South of a second fault (5H-SE) 
the Devonian limestone and the Black shale are exposed. Far- 
ther south, along a third' fault, the Bras»field bed occurs at a 
higher level, on the south side of the fault, then the Devonian 
limestone on the northern sida Many problems of structural 
geology are presented by these and othirr faults in this vicinity, 
but these mnst wait for solution until the more detailed work 
of the survey can be taken up. 

1 R-SW.— North of Crab Orchard, fully three miles in a di- 
rect line, on the pike to Uanunaek and Richmond, south of 
Harmon creek. 

Here the following section is seen^ described in descending 
order : 




ElAvmtSoB 
mbormhmmm 
ofi 



Crab Orchard clay shale, belonging to the Estill and 
Waco horizons, with lower 11 feet of section con- 
taining small rock fragments, but no fossils 

Massive limestone layer 

Chiefly clay, Lulbegrud horizon 



33 ft. 
1ft. 
5 ft. 



Thin limestone and clay, Oldham bed ' 5 ft 

Limestone layer 

Considerable clay with limestone interbedded, Plum 

creek horizon 

Massive limestone 

Horizon of large crlnold beads. 

Limestone layers belonging to the massive Clinton or | 

Brassfield horizon ; 11 ft. 



Sin. 

5 ft 

1 ft 6 in. 



Ordcvician contact 



i 



I 



62 ft 2 In. 
29 ft 2 in. 
28 ft 2 in. 
23 ft 2 in. 
18ft2inv 

17 ft 6 in. 
12 ft 6 in. 



lift. 



The contact of the Crab Orchartl shales with the Devonian 

is not seen at this locality. 

«. 

2RRW. — About three milep in a direct line southwest of 
CartersAille, and two and a half miles south of Hammack, on 
the headwat4»rs of Tiarmon creek; reached by going* from Car- 
tersville northwest one mile, then southwest a little over a mile 
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and a quarter, south a third of a mile, west a quarter of a mile, 
9(mth an eighth of a mile, and finally «,outh\vest nearly a mile. 
The exposure is on the southern side of Harmon creek. 

Black shale. 

Brownish rock, like that of Duffin layer 1ft. 

Streak of Black shale. 

Devonian limestone, with the top resembling the 

brecciated or Duffin layer 6 ft. 

Soft material, weathered back, poorly exposed, with 

a streak of clay 5 ft. 6 in. 

Bluish clay rock, Devonian, weathering brownish and 

shaly, unlike Devonian rock elsewhere 4 ft. 6 in. 

Crab Orchard clay shale (Estill and Waco beds), well 

exposed 37 ft. 

Massive limestone layer 1 ft. 3 in. 

Chiefly clay (Lulbegrud clay), possibly including strata 

belonging to the Oldham horizon 10 ft. 

Thin limestone interbedded with clay, believed to be 

a short distance above the 5-foot clay layer, above 

the Whitfleldi^Ua bed. Not determined. 
Bed of creek. 

3R-SW. — Seven and a half miles in a direct line southwest 
of the railroad station at Berea, about, a mile and a Lilf south- 
west in a direct line from Cartersvilh*; r(*ached by going fnmi 
Cartersville northwest al>out a mile along the pike, then south- 
west almost a mile, southeast nearly a thinl of a mile, south- 
west about a third of a mile, and finally south of the last fork 
of the road about a tliird of a mile wher'i the* road crosses a small 
stream, two and a half miles in a direct line southeast of Ham- 
mack. 

Here considerable cherty Devonian limestone is ex|)osed. 

4R-SW. — Two mil(*s wc^t of ('artersville in a direct line; 
reached by going from C\irt(»i>nille one mile northwest along 
the pike, then a mile and a (piarter southwest^ and a thinl of 
a mile northwest, east of U*randy Si>ring branch. (Fig. 2, Plate 
of sections, D.) 

Black shale. 

Brecciated dark brown or Duffin layer 8 ft. 

Fault. 

Poorly exposed, limestone Interbedded with clay 7 ft. 

Limestone with large crinold beads, Triiflrria nrUmi, 
and CimthnphyUum cnh/cuhim. 

Limestone forming the Brassfleld bed 9 ft 

Top of Ordovician. 
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5 li-SW. — About half a mile northwest of the last locality, 
and a uiile southeast of Hauuna<k, at the sharp angle in the 
i(>a(l near the i)oint where the road crosses a small stream enter- 
ing Brandy Spring branch, half a mile east of the home of Rob- 
trt I*arsons. The faction Ixegins at the meeting of three roads 
northwest of the main exi)osure. 

Black shale, weathered to clay. 

Massive brecciated or Duffin layer, weathered sc as to 

be almost unrecognizable. 
Devonian chert abundant, showing presence formerly 

of the Devonian limestone, with chert. 

Crab Orchard clay shale (Estill and Waco beds) 15 ft. 

Limestone, lower part softer 1 ft. 3 in. 

Clay shale (Lulbegrud clay) 5 ft. 

Limestone, fairly hard (top of Oldham horizon) 8 In. 

Limestone layers interbedded wiih clay 4 ft. 4 in. 

Limestone, fairly solid 8 in. 

Limestone interbedded with clay (equivalent to Plum 

creek clay horizon 4 ft. 4 in. 

Limestone with large crinoid beads 6 in. 

Limestone forming the Brassfield bed 9 ft. 

Top of the Ordovician. 

fi R-SW. — XorthcaF-t of Ilammack, a^ the northeastern angle 
of a triangle made by various roads, at the northern edge of 
the hill where the old part of the road, now abandoned, descends 
into the valley of a W(*stern branch of Brandy Spring creek, 
south of Doc. Hunt. (Fij?. 2, Plate of Sections, I).) 

Rotten limestone, belonging to the Oldham horizon ... 1 ft. 

Clay shale and soft clayey rock 3 ft. 

Hard limestone 6 In. 

Clay with rotten limestone layecs (equivalent to Plum 

creek clay horizon) 5 ft. 

Limestone with WhitfieUlrUn and large crinoid bead?.. Gin. 

Hard limestone with large crinoid beads, one seven- 
eighths of an Inch across, also with Lvptnenn rhnn- 
ttfiidallft, FaroMitr.^. and CyathophiiUum mlf/rulutn . . . 1ft. 

Rusty brown limestone, forming the Brassfield bed 8 ft. 

Top of Ordovician. 

7 nSW. — About half a mile north of Ilammack, on the road 
to Manse, s<»uth of the home of Woo<l Walker, alonji: a road ero8»- 
ing the stream and then going eastwarl up the hill. 
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ThickncM. 



Totml thick- 

neutobaM 

of section. 



Devonian chert fragments. 

Crab Orchard clay shale (Estill and Waco beds) 

Solid white limestone 

Soft blue clay (Lulbegrud clay) 

Limestone layers (top of Oldham limestone) 

Clayey limestone 

Solid limestone 

Softer limestone layers 

Solid limestone 

Clayey rock and Eoft clayey limestone (top of Plum 

creek clay horizon) 

Harder clayey rock 

Soft rock 

Limestone 

Softer stone 

Limestone with large crinoid beads 

Softer limestone 

Reddish brown limestone, forming the Brassfield bed . 
Top of Ordovlcian. 



20 ft. 




48 ft lin. 


1ft 


Sin. 


2Sft lin. 


4 ft 




26 ft 10 in. 




10 in. 

• 


22 ft 10 in. 


1ft 


22 ft 


1ft 




21ft 


1ft 


2 in. 


20 ft 


1ft 


1 


18 ft 10 in. 


3 ft 




17 ft 10 in. 




6 in. 


14 ft 10 in. 




6 in. 


14 ft 4 in. 




Sin. 


13 ft 10 in. 


1 
1 


6 in. 


13 ft 2 in. 


1ft 


10 in. 


12ft. Sin. 


1ft 


2 in. 


10 ft 10 in. 


9 ft 


Sin. 


9ft Sin. 



12-13 R-SW. — Five and a half inil(*s soutlnvost of tho rail- 
road Ktation at Berea, lU'arly tlin^* (piartca's of a mile directly 
oaKt of (^irters^ville, eahi: of AVliite Lick creek. 



Phcsphatlc nodules, 1-2 irches long, at base of the 
Waverly. 

Black shale, no account taken of the dip, the amount 

of which is not known 102 ft. 

Sandy rock 6 in. 

Brown brecciated or Duffln layer, apparently faulted 
and otherwise disturbed so that its original thick- 
ness is uncertain 1 1 ft. 

Crab Orchard bed, upper part consisting of lower 
part of Alger clay, probably with Plum creek clay 
bed at base 19 ft 

Thin limestone interbedded with clay 4 ft. 

Solid limestone with Whitfirhhlla 1 ft. 6 in. 

Limestone with large crinoid beads, ('ifathnphifniini 

caJifcuUun, and Zaphnntin daiftotinisis 6 in. 

The remainder of the Brassfield bed consists of 

reddish brown limestone 12 ft 

Top of Ordovician. 
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10 R-SW. — At the western end of Cartersville, north of the 
pike, along a stream. There is a considerable exposure here of 
the breeeiat^d or Duffin laver and of tlie ehertv Devonian lime- 
st(;ne, apparently underlaid by well bedded roek belonging to the 
Devonian; beneath this level there is greenish clay. 

11 R-SW. — About a mile northwestward from Cartersville, 
along the road whieh turns otf frjm the pike toward the 
^•(:uthwest, the Clinton or Rra>^sfield in^d is exjwi^ed along the 
roadside. 

15 R-SW. — About four miles southwest of the railroad sta- 
tion at Berea, on the eastern side of Mason Fork, near the home 
of Charles Baker. 

Black shale. 

Dark gray clay rock 4 ixL 

Very cherty rock 1 ft. 

Brecclated or Duffin layer, but very cherty 4ft 

Next layers exposed farther south. 

Devonian limestone with chert 4 ft. 

Dark gray, well-bedded limestone 3 ft. 

Crab Orchard clay 10 f:. 

Thin-bedded limestone, with Orthift finhrllitfs, at ba^e 

of Waco horizon 6 in. 

Section with chiefly clay in the upper part, but with 

limestone interbedded in lower part 10 ft. 

Sandy limestone. Mhitflrhlella layer 2 ft. 

Horizon with large crinoid beads. 

Reddish brown limestone, belonging to the Brassfield 

bed 12 ft. 

1()R-SW. — Thne milen in a direct line S()uthw(*st of the 
railroad station at B(*rea, alonjj Kocky branch, west of the 
hume of Sam Todd. { Fij:. 4, Plate D.) 

Black shale. 

Brecciated or Duffin layer, with parts of crinoid stems 

and cyathophylloid corals 5 ft, 6 In. 

Devonian limestone with coarse chert 3 ft. 

Gray limestone with very little chert 3 ft. 6 In. 

Devonian limestone, crinoidal 6 IXL 

Massive Silurian limestone, rusty brown (possibly 

layer at base of Waco horizon) 1 ft. 

Poorly exposed 23 ft. 

Clay with several heavy beds of limestone interbedded 

in upper part 10 ft. 
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Reddish brown stone^ coarse 6 in. 

Limestone with WhitfleUUIla eylindrica'Subquadrata . . 10 in. 

Limestone with large crinoid beads, Cyvlonana, and 

i' yathophyUum calf/culttm 6 in. 

The remainder of the Brassfield bed was not measured 

here, but was estimated at about 12 ft 

• 

17-18 R-SW. — Two and a half miles west of the station at 
Berea, a mile and a half east of Wallaceton. ( Fig. 4, Plate U. ) 

The layer, at the base of the Waverly, with phosphatie nod- 
ules an inch long is eighty-five feet above the Devonian lime- 
stone^ but no account of the dip is taken here. In the same 

manner the liase of the Black shale is found thirtv-five feet 

ft 

above the layer with large crinoid beads, at the t<)p of the Bl^ass- 
field bed. In the gully, south of the road, the thickness of the 
Brassfield IkmI, up to the top of the layer with large crinoid 
beads, is twelve feet. 

F. — Sections Between Hammack and Lancaster. 

(Figure 3, plate D, page 154; map 1, page 140.) 

8 R-SW. — Nearlv two miles west of FTanmia'ck and two miles 
south of Point I^^avell, al)out a quarter of a mile north of the 
Flat Woods churcii, alonjj: the n(*w road fn>m. Hammack to 
Point I.*eavell, abov(* a spring north of a farm house. 

Black shale. 

Brown rock corresponding to the brecoiated or Duffln 

layer 5 ft. 6 in 

Devonian limestone, very cherty 7 ft. 6 in. 

Crab Orchard clay shale, full thickness not known 

(probably belonging to the Estill and Waco beds) . 20 ft. 

9 R-SW. — Alonij the road from the Flat Wood?? cliunli to 
Lancanter, a short but not recorchnl distance west of the church, 
the following section was expos(*(l: 

Crab Orchard clay shale, top not exposed (probably 

chiefly the Waco horizon) 11 ft. 

Solid limestone layer 1 ft. 3 In. 

Poorly exposed, chiefly clay (Liilbegrud clay at top)... 11 ft. 
Limestone 1 ft. 

13 H-SE. — A short distance farther west, alonjj the same 
road, east of a branch west from the home of Peter Spaiiihowcr. 
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Loose fragments of Devonian material. 

Interval unknown 11 ft 

Crab Orchard clay shale 10 ft. 

In:erval 23 fL 

Massive limestone belonging to the lower part of the 

Bra^sfield bed 5 ft. 6 in. 

Greenish clay, top of the Ordovician. ' 

6 H-8E. — The base of the Brassfi'^d bed is exposed also at 
the Lawsim chapel, about half a mile south of the Lancaster 
n;ad, southwest of the home of Peter Si)ainhower. 

8 H-8E. — ^About three and a half iiiiles southeast of Lan- 
caster, on the road to Hammack, northwest of the home of 
James M. Anderson. 

Black shale. 

Precciated or Duffin layer, fossiliferous 5ft. Bin. 

Devonian limestone, very cherty 5 ft. 6 in. 

Crab Orchard clay shale (probably Elstill and Waco 

beds) 22 ft 

Solid limestone 1 ft. 3 In. 

Chiefly clay (Lulbegmd clay at top) 8 ft. 

Solid limestone 1 ft. 

Clayey limestone Interbedded with clay (equivalent to 

Plum creek clay) 3 ft 

I Imestofie 1ft 

Horizon with large crinoid beads, at top of Brassfield 

bed. 

Limestone In layers 2 ft 

Massive limestone 7 ft 

Top of Ordovician. 

Plati/Mtraphin Ii/nx occurs about a mile farther west, just 
east of the main crossinjr over riill>ert creek. 

Al)out a mile and a half southwest of the home of James 
M. Anderson, northc^nt of Sweeney ^forjcan, Devonian rock 
with Devonian corals* occurs. 
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O. — Sections Between Berea and Whites. 

(Figure 5, plate D, page 154; map 3, page 167.) 

1 R-S. — Four miles north of Berea, half a mile south of 
White aftation. 

Argillaceous beds at base of Black sbale. 

Devonian, blue argillaceous, gritty limestone with fish 

remains 3 in. 

Limestone containing much calcite, in some places in 
considerable blotches, possibly corresponding to the 
Devonian rock below the layer with fish remains 
southwest of Ell iston. east of Moberly 1ft. Sin. 

Limestone, at Oldham horizon, apparently contains 

poor specimens of Stricklandinia 1 ft. 3 in. 

Blue clayey shale 10 in. 

Limestone interbedded with considerable clay 6 ft. 

Chiefly clay with layers of clay rock interbedded, cor- 
responding to the 5-foot layer of clay forming the 
Plum creek horizon in more northeastern sections. 5 ft. 

Limestone with large crinoid beads and Whitfirhlena 

cylindrica-subqitadrata near base 1 ft. 4 in. 

Limestone, heavy and thinner beds, interbedded with 

clay 9 ft. 

Massive limestone, at base of the Drassfield bed 2 ft. 2 in. 

Top of Ordovician. 

There is proliably a fault a p^hort ilistam*e north of the Si- 
lurian out-erop sinci* the nearest outcrop of l^Iati/strophia h/nx 
is only forty-five feet below the base of the Silurian. 

2 R-S. — Less than threc^ miles north of Berea, where the 
railroad crosses over a deep valley. 

Near Berea the dark brown breccia ted rock, the Duffln 
layer, overlies the cherty Devonian limestone. This 
was not seen in the section here described. 

Devonian limestone 2 ft. 4 in. 

Layer with fish remains 1 in. 

Massive reddish brown limestone: may be the 2-foot 

layer in the Crab Orchard shale 2 ft. 

Crab Orchard clay shale (Lulbegrud clay), only the 

upper part, 4 feet thick, well exposed lift. 

Limestone interbedded with clay in upper part of sec- 
tion 18 ft. 

Limestone layer, with large crinoid beads. Orthuthrtrs, 
Platpstrophia dajftonenHiM, JlvlioUtcx subtuhiihita, 
and CyathophjfUum <fi///n//i/m 1 ft. 

Limestone, with thin clay layers a't top. belonging to 

the Brassfield bed 10 ft. 
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4 R-S. — Half a mile north of Berea, along tlie railroad. 

Black shale. 

The brecciated, dark blue Duffln layer 5 ft. 

Devonian limestone, very cberty near the top 8 ft 6 in. 

H. — Sections Between Berea and B*rassfield. 

(Figures 1, 2, plate E, page 166.) 

5 R-S. — About a mile northeast of the center of Berea, on 
the Kin|i;8ton turnpike. 

Black shale. 
Interval. 

Chert containing cyathophylloid corals 4 in. 

Devonian limestone, upper part with parts of crinoid 

stems 8 ft. 

C} R-S. — Al>out two mile^ northeast <>f Berea, where the road 
crosses Joe Lick, a quarter of a mile west of the road, south of 
the home of Bever Terrell. 

Devonian limestone. 

Crab Orchard clay shale (probably Lulbegrud clay) ... 13 ft 
Reddish brown limestone with calcite forming nodular 
masses. 

7 R-S. — Four miles northeast of Berea, on the I. C. Baker 
farm. 

South of the house th( n» apiH'ars to be an exposure of the 
BrasHlield l)ed. The thickn(*ss of the 1k-(] api)ears to Ik* ten and 
a half feet, and of this the l(>wer i>art, seven fe<*t thick, is mas- 
sive limestone. A fault apixnirs to extend north of here. On 
the n<Tth side of the fault, noi-th of the house, at alxiut the 
same level as the Clinton or Braw-'field hed, the Devonian is seen. 
It slants stronjjly toward the southwest. The top of the ex- 
posure, six and a half fe(*t thick, consists of {?ray Devonian 
limestone. The Ixise, one foot thick, weathers to a more shalv 
rock, contains tiny Wack nodular masses, and apparently cor- 
responds to the layer with fish remains. 

9 R-S. — AlK)ut four mih^-? northeast of the center of Berea, 
an ciirhth of a mile northeast (>f the New Liberty church, and 
half a mile south of th<» Robtown store. 

The Devonian !imestom% at the crosg roads and also half 
a mile farther west, is rinluced to a thin sandy layer, half an 
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inch thick, believed to be eiiuivalent to the layer which else- 
where contains fish reaniina 

10 R-S. — At the north end of Bobtown, north of the home 
of Dave Garrett A single massive layer of Brassifield rock, 
four feet thick, is seem west of the road. Farther south, at Joe 
Creekmore^s house, in the well, the Black shale rests; almost 
directly on the Crab Orchard shale (probably the Lulbegrud 
clay). The Devonian limestone was not identifi<Hl here. The 
inten'al between the base of the Black shale at the Creekmore 
well and the top of the massive bed north of the home of Dave 
Garrett is sixt(H^n feet six inches, but this interval, in the well, 
is occupied altogether by clay shale^ suggesting the presence of 
a fault here between the two exposures. 

11 R-S. — Half a mile southeast of Bobtown, near the house 
owned by Mat Moody, the D<*voniatt limestone, under the Black 
shale has a thickness of eight inches. The Crab Orchard shale 
(probably the Lulbegrud clay) is seen below. 

Farther southeast, where the road crosses a stream, the 
thickness of the Devonian limestone is fourteen inches. 

12 R-S. — Four and a half miles northeast of the center of 
Berea, about a mile southeast of Bobrown, at the end of the 
Jackson hollow. 

Argillaceous beds in the lower part of the Black shale. 

Devonian limestone 9 in. 

Chiefly clay, belonging to the Crab Orchard clay shale, 
with layers of thin limestone included in the lower 
part which is equivalent to the Oldham limestone. 11 ft. 

Limestone 9 in. 

Chiefly clay (Plum creek clay) 5 ft. 

Limestone 1 ft. 

Clay, limestone and clay, in descending order 9 in. 

Red sandy limestone with WhitfieldeUa vylimlrmi'Suh' 

qimdratn common 1 ft. 

Horizon with large crinoid beads common. 

Limestone, in thinner beds than the layers below 9 ft. 

Massive limestone forming the lower part of the Brass- 
field bed 8 ft. 

13 R-8. — At Mat Moody's store, alvint two miles and a quar- 
ter southeast of Bobrown, alK)ut a mile east of J(k* Lick knob. 
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Black shale. 

Grayish rock 1ft 4 In. 

Devonian limestone, very cherty 10 in. 

Gray limestone with a little chert 10 in. 

Grayish Devonian limestone 1 ft. 4 in. 

Reddish brown limestooe, Silurian 1 ft. 

Reddish brown limestone 1ft. 

Interval estimated at 38 ft, 6 ixL 

(The top of this interval is formed by the Lulbegrud 

clay.) 
Top of massive limestone forming the lower part of the 

Brassfield bed. 

14R-S. — South of the Lo«>: <-ahin Hchool-house, al>out a quar- 
ter of a mile north of Mat Moody's store. 
There is a fault here. 

Chiefly clay. 

Interval consisting chiefly of limestone interbedded 

with clay 6 ft 

Massive limestone forming the lower part of the Brass- 
field bed 8 ft. 

Clay rock, upper part of Richmond division. 

15 R-S. — Al)out half a mile ncrth of Mat Moody's store, on 
the north side of Gravel Liek cT(^k. 

Black shale. 

Clay rock layers at base of the Black shale 4 ft. 

Devonian limestone absent. 

Limestone, probably of Silurian age 8 in. 

Lulbegrud clay shale 12 ft. 

Thin limestone interbedded with clay: Oldham lime- 
stone. 

Farther north there is a fault with Blaek Khale on the south 
side and Ordovieian roek on the north. 

1(> K-S. — Al>out two and a half mih^ north of Mat Moody's 
store, south of the home of Joe (libbs. 

White Irvine clay. 

Black shale. 

Hard clay rock in Black shale. 

Interval 2 ft. 6 In. 

Sandy Devonian rock 6 In. 

Crab Orchard clay (probably Lulbegrud clay). 
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17 R-S. — A quarter of a mile east of the last locality, three 
miles northeast of the top of Joe Lick ki;ob. 

Black shale. 

Crab Orchard limestone layer 3 in. 

Crab Orchard clay shale (probably Lulbegrud clay). 

18 R-S. — Half a mile southwest of the last locality, reached 
by going from Brassfield west one mile*, then south three miles 
in a direct line, and finally northwest a distance of almost half 
a mile, where the road crosses the head of Drowning creek. 
The exposure is on the southeastern side of the crossing. 

Solid clay rock in the Black shale 4 ft. 

A thin layer of Black shale. 

Devonian limestone with fish remains 2 in. 

Reddish brown limestone, Silurian 1 ft. 2 in. 

Crab Orchard clay shale (Lulbegrud clay) 10 ft. 

Stream bed. 

The rock a.l>ove the layer with fish remains may l>e <H|uiva- 
lent to some of the layers identifiiHl as Devonian limestone else- 
where. Some distance farther up the Black shale contains ar- 
gillacecms rock layers. 

19 R-S. — I-<ess than half a mile southc^ast of the last locality, 
at the forks of the roatf, at the locality known as the Bear Wal- 
low, AVhite Irvine clay, with rusty br )wn sandy material in it, 
is exposcHi. 

I. — Sections Betwekx Irvine and Buassfieu). 

(Figures 1, 4, plate E, page 166; map 4. page 173.) 

11 B-W. — North of Irvine, north of the sprinji^s about three 
quarters of a mile, from the junction of the AVhitf^ Oak cn»(»k 
road and the road Uy Calloway creek, northeastward, up th(» hill. 

The followinj? section is exposed, descril)ed in descc^ndin*;: 
order : 

Black shale. 

Devonian limestone, base of section not well exposed. 7 ft. 6 in. 

White Estill clay, with thin argillaceous shale in lower 

7.5 feet of section 60 ft. 6 in. 

Waco bed, clay with limestone 10 ft. 
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Solid brownish limestone, a layer of wide distribution 

at this level 2 ft 

Lulbegrud clay 14 ft 6 in. 

Interval occupied by Oldham limestone, and Plum 

creek clay poorly exposed 27 ft 6 in. 

Coarse-grained limestone, wave-marked at top 8 in. 

W'hitficldeUa cylindrica'subquadi-ata horizon, at top of 
the Clinton or Brassfield bed. 

Immediately below the layer witli W'hitficldeUa cylindrica' 
Huhquadraia and the larg:e crinoid beads, are several feet of 
limestone belongin*^ at the top of the? Bras^eld bed. These 
ccmtain Calt/nuncnc nia-garcn^ls, Ci/clon-cma daytonen^iH, Ithyn- 
chotrcma Hcohiua, Liptacna rhomhoidaJiXj Pleciambonites trans- 
rermUs, DalmancUa elegant ula, Orthis flabeUitcs, Rhinopora 
frondosa, Phylloporina aiujnlata^ and Cyathophyllum calycur 
luin. 

12 B-W. — North of Inine, about half a mile north of the 
Kprinjrs, from the point where the road first reaches White Oak 
iT(^k northwestward up the hill along a private road past the 
home of James F. Harris 

Black shale. 

Devonian limestone, weathered to a red clay with 
cherty fragments. 

White Crab Orchard clay shale, top of Estill clay, 

poorly exposed lift 6 in. 

White Crab Orchard clay shale, well exposed, with 

comparatively few sandy shale fragments 30 ft 

White clay, with small and very thin sandy shale 

fragments 11 ft 

Clay with considerably sandy shale of gray color, and 
with thin brownish limestone, equivalent to the 
Waco layer, but without fossils here. A layer 
of rotten brownish limestone, 6 inches thick, oc- 
curs 5 feet 6 inches above the base, and below 
this level most of the section consists of white clay 16 ft 6 in. 

Solid brownish limestone, a layer of wide distribution 

at this level 2 ft 

White clay, at top belonging to the Estill layer; the 
lower half with thin interbedded limestone be- 
longing to the Oldham horizon 25 ft. 

Rotten limestone in thin layers, also belonging to the 

Oldham horizon 5 ft 6 in. 

WhitfirUleUa ciflindrira-iiuhtjundrata layer not exposed 
here, but estimated to occur below the last-men- 
tioned limestone a distance of 12 ft 

Bottom of creek is about 12 feet lower. 




Mhi i. Hn> of ana between Bruifield. trvlne. CoHese Hill and Red River. 
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13 B-W. — North of Irvine, north of Estill Springs about a 
quarter of a mile, alon^ the road before reaching White Oak 
creek. 

Clay with numerous fragments of thin limestone, 

equivalent to the Waco layer, with fossils 10 ft 

Massive limestone layer 2 ft 

^ ay, f o rm ing the Lulbegmd "layer. ; . : 13 ft 

Thin limestone interbedded with clay equivalent to 

the Oldham limestone 12 ft 

Immediately below or only a few feet lower should oc- 
cur the 5-foot layer of clay equivalent to the Plum 
creek clay layer. 

15 F-W. — We»t of the railroad station at Irvine, half way to 
the railroad bridge, along the railroad. 

Black shale, with argillaceous rock layers in lower 6 

feet of section. 

Cherty Devonian limestone 6 ft 6 in. 

Darker, more sandy appearing rock, with Ambocoelia 

iNHbtmata common at top 8 in. 

Massive ferruginous brown limestone 3 ft 3 in. 

Crab Orchard clay shale, belonging to the Estill clay 

horizon. 

Along Station camip creek, south of Irvine, no exposures of 
the Devonian limestone tbicker than seven; feet were, noticed. 

Ifi B-W. — Two miles southeast of Irvine, opposite the mouth 
of Big Doo creek. 

Bla<:k shale is exposed down to the river's edge. 

53RrE. — ^We#it of Irvine a«bont four miles in a direct line, 
west of nice Station, along the railroad. 

Black shale, the top of the section not exposed 40 ft. 

Thin clayey rock layers in Black shale 4 ft. 

Clayey 2 ft 6 in. 

Solid argillaceous limestone, with Devonian corals 

and AtnjiHi rvticnUiHM 2 ft 

Shale, some of it argillaceous and of a more gray 

color 13 ft 

Brownish limestone, probably equivalent to the Duffln 

layer which has a brecciated appearance 1ft 4in« 

Devonian limestone with chert; probably 7 to 10 feet 

of the section consists of chert 20 ft 

Crab Orchard clay, belonging to the Estill clay horizon, 

indurated at top. 
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52 R-E. — West of Iniue about four and a lialf miles in a 
direct line, three quarters of a mile southwest of Rice Station, 
east and west of the tunnel. 

Black shale with alum salts oozing out at base. 
Clayey layers in Black shale, equivalent to the clayey 

layers west of Clay City 10 ft. 

Black shale with fossiliferous clay rock at base 9 ft. 

Interval, exposed but not described in field notes IS ft. 6 in. 

Hard, brownish rock, equivalent stratigraphically to 

the brecciated or Duflln layer 4 ft. 

Very cherty Devonian limestone 16 ft. 

Bluish argillaceous rock 2 ft. 

Brownish rock, without chert 1 ft. 

Crab Orchard clay shale, belonging to the Estill clay 

horizon. 

6 R-SE. — East of Panola al)out a quarter of a mile, frtmi the 
creek to the western end of the railroad cut. 



Ciab Orchard clay shale, belonging to the Estill clay 

horizon, the top not exposed ' 45 ft. 88 ft. f> in. 

Clay and limestone, equivalent to the Waco layer, with ' j 

foBBils 9 ft. 43 ft. 6 in. 

Massive limestone. This layer has a very wiile distri- 
bution • ' 2 ft. I 34 ft. 6 in. 

Lulbegnid clay 12 ft. 6 in. 32 ft. 6 in. 

Clay with many intercalated layers of thin limestone, 
especially toward the top, belonging to the Oldham 
limestone horizon [ 15 ft. 

Clay, equivalent to the Plum creek clay layer 5 ft. t 5 ft. 

Limestone within one or two feet of the Whitflfhlrlht 1 

horizon. 



20 ft. 



4 R-SE. — Southwest of the railroad station, west of the road, 
the verv mawive unfossiliferous laver at the lK)ttom of the Brass- 
field limestone section is well exposed. In some of the imniKli- 
ately overlying layers, Hrliolifrs fiuhiuhiilafa is pr<»sent. 
Southwestward, up the hill (5R-RE.), Devonian limestone*, six- 
feet thick, is seen. The upper half of this limestone is very 
ehertv. . 
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3 R-SE. — Between eight and ten iniles soikthwest of Irvine 
in a direct line, north of the railroad In^tween Panola and Brass- 
field. 



ThickiMM 



ToUl 
from bmam 
of 



Black shale. 

Devonian limestone, gray 

Chiefly clay, belonging to the Lulbegrrud clay horizon 
of the Crab Orchard clay shale bed, poorly exposed, j 

Thin limestone and thin clay shale interbedded, near 
top of Oldham limestone 

Medium and thin limestone layers interbedded with 
thin clay 

Chiefly clay, with thin limestone interbedded 

Limestone 

Plum creek clay, with very little thin Hmestone 

Ferruginous limestone, with CuatJytphifUum oalyeulum. 

Whitflrldella cyUndrica'Subtjiiadrata and large crinoid i 
bead horizon, forming top of Brassfleld limestone..' 

Irregularly bedded limestone with very little clay, con- 
taining Orthothetes pHsipUaiia 

Clay forming from half to three-fourths of the section, 
with interbedded limestone; containing Caljtnwtene 
roffdesi, Cyrlonema dayUmenMs, Hhim(*hotrema sct- 
hina, Lepfaena rhomboidaliit, Plectamhimiies tranft- 
rersalis, PlatyBtmphia TevtTsatn, Dalmnnella elegan- 
fnla Jihirnifxpra /rf>w(fo««, AspidofHtm pamwla, and 
CjiafhophyUwn calyrulum 

Limestone, irregular bedded, with a little thin clay 
forming partings between some of the limestone 
layers ! 

Very massive limestone, at base of Brassfleld bed, more j 
bluish than the overlying layers, apparently unfos- 
siliferous ! 

Top of the Ordovician. 



5 ft. 
18 ft. 

6 ft 6 in. 

3 ft. 9 in. 
2 ft. 
1ft. 
5 ft. 
1 ft. 6 in. 



2 ft. 



3 ft. 4 in. 



8 ft 3 in. 



6 ft 



62 ft 3 in. 
57 ft 3 in. 
39 ft 3 in. 



I 



32 ft 9 in. 

29 ft 
! 27 ft 
26 ft 
21ft 



19 ft 7 in. 



17 ft Y In. 



14 ft S in. 



I Cft 



3 R-SE. — At another locality alonjr the railroad between Pan- 
ola and Bras»field th(* following; nection wa» seen: 

Limestone, with large rrinold beads and Whitficldrlla 

ritlindrica-Huhfiundrata 2 ft 

Reddish purple, sandy rock, soft, at top of Brassfleld bed 1 ft 

Clayey rock 1ft 

Well bedded limestone 10 ft 

Massive, more bluish layer, unfossillferous 6 ft 

Ordovician. 
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1 B-8E. — North of the county road from Panola to Bra»^ 
field, about a mile and a quarter from Panola, along the hill- 
slope in a field northeast of a large farm house, the following 
section was recorded. It is evident that some disturbance has 
taken place in the rocks, since this exposure is apparently much 
thinner than that measuri^d immediately souih of this locality, 
north of the railroad. 

Black shale. 
Devonian rock. 

Clay, poorly exposed 15 ft. 

Limestone 3 in. 

Clay, poorly exposed 5 ft. 6 in. 

Limestone 6 in. 

Clay interbedded with rubble limeston:* 9 ft. 

Interval, chiefly clay, poorly exposed 10 ft. 

Solid limestone, belonging to the Brasiifiald bed 10 ft. 

The rock appear to Ix* much tilted and the section irrt^liable. 

51 R-E. — Beneath the overhead bridge across the railroad, 
south of the station at BrasHfteld, and thence eastward along 
the railroad. This is the most carefullv measured section in 
this vicinitv. 

Black shale. 

Brownish rock belonging to the Diiffln layer, appearing 

brecciated 1 ft. 6 in. 

Devonian limestone, more brown than the underlying 

layer of limestone, with a few fossils 4 ft. 

Bluish argillaceous Devonian limestone 1 ft. 6 in. 

Lulbegrud clay 15 ft. 

Thin layers of limestone 2 ft. 

Oldham limestone, consisting of thicker layers with 

comparatively little clay intercalated. Strirk- 

landinia occurs at the top 9 ft. 

Elkins limestone interbedded with more clay 3 ft. 4 in. 

Plum creek clay 3 ft. 3 in. 

Thin clayey limestone interbedded with clay, also 

belonging to the Plum creek horizon 1 ft. 10 in. 

Massive limestone with WhilfirJiUUn, The top. for a 

distance of 6 to 9 inches, is oolitic 2 ft. 6 in. 

More frequently bedded part of Brassfleld limestone, 

with large crinoid beads at top (Clinton) 12 ft. 3 in. 

Very massive limestone at base of Brassfleld limestone 6 ft. 
Ordovician. 
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J. — Sections Between Moiserly, Waco, and the Kentucky 

River. 

(Figure 3, plate E, page 166; map 4, page 173.) 

55 R-E. — Half a milo southeast of Moberlv, a stream crosses 
rlu* railroad track. A short (listaiice east of the railroad, in the 
lK*d of the stream, the base of the Black shale is seen. The 
f (allowing section is exposed, down the stream: 

Black shale. 

Limestone 2 ft. 

Ihterval, poorly exposed 7 ft. 

Limestone with abundant chert; a few large crinoid stems, 

and Spirifer euri/teinrs 5 ft. 

Base of Devonian limestone not exposed here. 

The relation of this section to that southwest of Elliston, 
alonjr the same branch of Mud<ly cre(»k, has not l)een determined. 

55 R-E. — East cf MoIktIv a mile and a half, sonthw(*st of 
Ellistcn, rn the we-t(»ru ruh ct Muddy creek. 




Total thick- 
ness abore 

bSMOf 



Black shale. 

Massive rock, equivalent to the brecciated or Duffin I 

layer ' 2 ft. 6 in. | 70 ft. 8 in. 

Solid limestone, in 3 to 4 inch liyers " 1 ft. 2 in. 68 ft. 2 In. 

Sandy, gray rock, weathering bick 1 ft. 4 in. 67 ft 

Massive rock, with crinoid stems ' 2 ft 65 ft 8 in. 

Rotten limestone layer 6 in. 63 ft 8 in. 

Gray massive limestone ! 1 ft 6 In. , 63 ft. 2 in. 

Gray sandy rock j 1 ft 2 in. 61 ft. 8 in. 

Gray massive rock ; 1 ft. 6 in. j 60 ft 6 in. 

' I 

Gray, well-bedded, sandy limestone 2 ft. 59 ft 

Horizon with small black nodules, with fish remains. 
Gray, well-bedded, sandy rock forming base of De- | 

vonian section | 2 ft. 

Not exposed: probably Waco, Lulbegrud, and part of | 

Oldham horizons of the Crab Orchard bed I 29 ft 

Interval, chiefly clay with thin limestone layers at top. > 

probably almost entirely clay in lower half, includ- ' . 

ing part of Oldham limestone and all of Plum creek I 

clay 10 ft C in. j 26 ft. 

Sandy limestone, with ferruginous layer Immediately ' i 

above. Sandy layer contains WhttflrhleUa cfiUndricfi- 



57 ft 
55 ft 



nubquadruta and large crinoid bead3, 1 ft. 6 in. 15 ft 6 in. 

Thinner bedded limestone with large crinoid beads at j 

top. forming top of Brassfleld bed 3 ft 6 in. ' 14 ft 

Solid, well-bedded limestone belonging to the Brassfleld ^ 

bed 7ft. 1 lOft.Sln. 

Solid massive rock, nnfossiliferous , 3 ft. 6 in. | 3 ft. 6 in. 

Top of Ordovlclan. ' 
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Immediately below the Whitfieldella layer occur Orthw flah- 
etlitcs, Leptaena rhomboidalis^ and Cyathophyllum valycnUim. 
The well bedded limestones, forminp: tlio main body of the Bras»- 
fleld bed, weather to a rusty brown color. 

60 R-E. — South of Waco, along the road leading s(mthward 
up the hill. 

Fissile Black shale. 

Soft argillaceous rock 6 in. 

Black shale with an argillaceous layer near the middle. 6 ft. 3 in. 

Argillaceous rock 1 fi. 3 in. 

Devonian limestone, not cherty 3 ft. 9 in. 

BsUn clay lift. 

Waco limestone with fossils 7 ft. 6 in. 

Limestone layer 10 in. 

Lulhegnid clay 13 ft. 

Thin-bedded Oldham limestone and clay 5i.. 6 in. 

Rather heavy Oldham limestone with clay 3 ft. 6 in. 

Chiefly clay, Plum creek horizon 6 ft. 

Sandy limestone with Whitflphlella 2 ft. 6 in. 

Limestone with large crinoid beads 1 ft. 

Level of creek. 

59 R-E. — Half a mile oa»t of Waco, north of the corncT at 
which the road to Cobb ferrv leaves the road to Bvbeetown, or 
Portwood. 

Black shale. 

Devonian limestone. 

Crab Orchard clay shale, fossil if erous, chiefly the Waco 

layer 13 ft. 6 in. 

Massive limestone layer 2 ft. 

Distance down to WhUfl^'Uielln layer is estimated from 

the exposure south of Waco at 28 ft. 

The fo»iiliferou» part of the Crab Orchard clay shal(», hero 
callnl the Waco laver, ext-(*nds from tht» massive two-foot hiv(»r 
of limestone to a point ten feet higher up. 

64 R-E. — Eastt of JFoIxtIv, about five miles in a direct line, 
west of Cobb ferry, along the road. 

Black shale. 

Brownish rock with brecciated appearance, equivalent 
to the Duflln layer, with fragments of crinoid stems 
at top, and with Famititrs and some chert near 
the base 5 ft 
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Devonian limestone, very cherty 16 ft 6 in. 

Interval formed chiefly by the Lull>egrud clay division 

of the Crab Orchard shales 20 ft 

Clay with considerable limestone interbedded, includ- 
ing the lower part of the Oldham and all of the 
Plum creek bed lift Bin. 

Limestone layers, ferruginous at base 2 ft 6 in. 

MhitfieldeUa layer 6 in. 

Well-bedded limestone, with thicker beds at base of 

section, belonging to the Brassfield bed 14 ft 

Massive limestone, unfossiliferous, forming base of 

the Brassfleld bed 3 ft 

Clay shale, forming upper part of the Richmond di- 
vision of the Cincinnatian series of Ordovician 
rocks. Thin streaks of limestone, apparently the 
result of concretionary action, in the lower half, 
and near the base the clay includes more irregular 
small concretionary rubble 54 ft 

Blue limestone at top, and clayey limestone at base of 
section, including Heberiella sinuata, Platystrophia, 
iStreptrlastna ruftticwn-cofiadettsiH; at base of sec- 
tion, also 8intphomena retustn 9 ft 

Clayey rock with Strcptelasma nutticum-canadnntis at 

various levels 5 ft 

Not exposed, probably sandy clay shale 26 ft. 6 In. 

Sandy clay rock 10 ft 

Not exposed, probably sandy clay rock 53 ft 

Dense, blue limestone layer 1 ft 

Sandy shale with thin blue limestone layers 2 ft 

Dense, blue limestone 1 ft 

Sandy rock, at river's edge 5 ft 

Th(* dense hlue limestone near the Imse of this section is be- 
lieved to ]M>l()n<r at the top of the iraysville division. 

i\tUi}HPcria cribriform is was found loose in the Irvine sami 
alon<: the road, west of tx>p of this section. 

62 K-E. — About a mile and a third in a direct line north- 
east of Waco, north of Falling branch, opi)osite the heme of 
Tc.'in Curtis, at Moon* spring. 

Black shale, fissile above, earthy toward the ba?e. 

More solid rock 9 in. 

Argillaceous shale 3 ft. 

Mc re solid argillaceous rock 3 ft. 

Argillaceous shale lift 61b. 

Devonian limestone, with comparatively little chert.. 18ft 
Crab Orchard clay shale, probably near the base of the 
Estill clay. 



KENTUCKY GEOLOGICAL SURVEY. 181 

65 R-E. — NortlieflKt of Mol)erly about five miles in a direct 
line, almost three quarters of a mile east of College Hill, along 
the road to Fox. 

Black shale. 

Devonian limestone, poorly exposed 6 ft. 6 in. 

Blue, well-bedded limestone, with several chert layeri . 3 ft. 6 in. 

Devonian limestone, crincidal, poorly exposed 2 ft. 6 in. 

Base of E!still clay and all of Waco horizon, the latter 

with fossils 14 ft. 

Limestone layer 8 in. 

Lulbegrud clay 14 ft. 

Oldham limestone, estimated at 11 ft. 

Plum creek clay with thin limestone, 10 inches thick, 

interbedded at base 4 ft. 3 in. 

WhiffieldeUa layer 1 ft. 

Layer with large crinoid beads, at top of Brassfield 
limestone. 

Limestone interbedded with clay 4 ft. 6 in. 

Well-bedded limestone with very little clay, top layer 

wave-marked 7 ft. 6 in. 

Massive base of Brassfield limestone 1 ft. 4 in. 

Argillaceous rock, forming upper part of Richmond di- 
vision of the Cincinnatian; whitish, clayey 33 ft. 

Argillaceous rock, with one specimen of Strophomrna 
svlcnta at top and with more frequent specimens 
of this species at the bottom 8 ft. 6 in. 

Argillaceous rock 53 ft. 

Horizon with Stntphtnnrna and tftrrptilattiHa, too im- 
perfect for identification. 

Earthy thin-bedded clay 20 ft. 

Interval poorly exposed 70 ft. 

Limestone, blue, fine-grained, witn small Orthamas 

and LophitHpii'a, near top of Maysville division... 3 in. 

Clay rock in. 

Massive, blue, flne-grained limestone with worm-bor- 
ings and small specimens of Lnphospira 1 ft. 6 in. 

Shaly, thin-bedded rock, without /'/. ////i./- 18 ft. 6 in. 

Platt/strophia IffnJ' not rare G ft. 6 in. 

Platj/Mtrophifi If/iix comparatively rare 15 ft. 

Platjfittri)phia Ifni-r comparatively common 10 ft. 

Not well exposed 15 ft. 

Bed of rlvor. 
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66 R-E. — Three and a half miles north of College Hill, where 
the road for Union City turns oflf toward the soath>west. 

Black shale. 

Brownish rocks resembling the Duffln layer 1ft 

Black shale Sin. 

Brownish rock with numerous specimens of TuotiuritM 

vauda-galli •, 3 ft. 

Brownish rock 1 ft. 3 in. 

Limestone with abundant chert 4 ft 

Whi:e criaoidal limestone with corals 2ft 6 in. 

Light brown massive Devonian limestone, with a few 

Spirifrra within 2 feet of the base 10 ft 

Silurian clay, probably at base of Estill division of the 

Crab Orchard, poorly exposed. 

TaomnuH cauda-galU is considered the result of tracings 
made l>y some form of marine worm, lodjring in S(mie vertical 
hi»le and sweeping the upi)er end of its body in all directions 
for food. 

67 K-NE. — Five and a half miles north of College Hill, on 
the old Bloomingdale road. Along the road south of a house; 
north and s^mth of a deep valley. 

Black shale. 

Devonian limestone, upper part cherty 17 ft. 6 in. 

Interval 5 ft. 

Clay with thin limestone containing Waco fossils 5 ft. 6 in. 

Clay, no fossils noticed 5 ft. 6 in. 

Limestone, with strong fucoidal markings 6 in. 

Lulbegrud clay 8ft. Bin. 

Oldham limestone with Sthrkhiiiflinia at top 7 ft. 6 in. 

Plum creek clay 2 ft. 6 in. 

I imestone 3 in. 

Clay 6 In. 

Limestone, base of Plum creek clay € in. 

The exposures are i)oor. 
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K. — Sections Between Indian Fields, Vienna, and 

LuuJEGttL'D Cheek. 

(Figures 1, 2, 2, A, plate F, page 1S4; map 5, page 185.) 

7 R-NE. — Two miles west of Indian Fields, reached by going 
« »uth along the road from the station, then turning west along 

^ lie Winchester pike about a mile and a half. At the Curry 
l^iidge over Howard creek. 

The Whitficlddla cyUndrica'Suhquadrata layer at the top of 
^ lie Brassfield layer is exposed at the top of the hill. The thick- 
m:ic?8S of the BraspfioUl bid was not determined, but the bas(* of 
♦ liis bed is estimated to be alwmt 145 fet^t al)ove the highest layers 
c*<9ntaining Plati/ntroj)Jiia IjpuF, altJumgh the actual measuinnl 
5 nfcterval was about 120 feet The iH)cks dip eastward. 

8 R-NE. — Half a mile southwc^fft of Indian Fields, north of 
frlme hcmie of John Goff, and thence svmth up the hill south of 

epike. (Fig. 4, Plate F.) 

Base of the Waverly clay, with traces of phosphatic 
rock. 

Black shale 40 ft. 

Clay 12 in. 

Black shale 1 ft. 8 in. 

Clay 8 in. 

Black shale 1 ft. 6 in. 

Clay Sin. 

Black (Huron) shale 82 ft. 

Sandy rock with worm borings 1 ft. fi in. 

Devonian limestone 1 ft. 10 in. 

Sandy rotten stone 1 ft. 6 in. 

Ferruginous brown limestone with fish plates 11 in. 

Layer with fl?h remains and tiny black nodules 5 in. 

Estill clay division of the Crab Orchard clay shale. 

B-NW''. — South of Indian FiehL<5 about a quarter of a mile, 
g the road, where it crossc^s a small branch of LullK'grud 
i, crossing the il. H. Hisle farm. (Fig. 4, Plate F.) 

Black shale. 

Solid brownish Devonian limestone 1ft. Sin. 

Layer with flsh remains 1 ft 

Clay, with Waco fossils in the lower half 20 ft. 

X^lmestone layer » 9 in. 

X^ulbegrud clay 13 ft. 

%op of Oldham limestone with Stricklatidinia in bed of 

branch , 2 ft 
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The Oldham limestone contains also Heliolilcs HubiUhnlata^ 
Hahjsitcs catcnulatus, Cyathophylliim calycultim, and Za- 
phrentis daytoneiisi^. 

2 B-NW. — About a mile southeast of Indian FieWs along 
the railrcad, and then south along a road toward Lulbejijud 
creek ; a short distance east of the home of Brownlow Bniner. 
(Fog. 4, riate F.) 

Black shale. 

Brcwn rock, Devonian. 

Estin clay 12 ft. 

Clay with thin limestone layers and Waco fossils 8 ft. 3 in. 

Limestone 9 in. 

Lulbegrud clay 13 ft. 

Top of Oldham limestone, with Stncklaiuliniu 5 ft. 6 in. 

Interval 6 ft. 

Lulbegrud creek. 

3 B-XW. — South of Indian Fields about two and a half miles 
in a dircM't line, at Abbott's mill, on Lulbe<n^d creek. (Fig. 1, 
Plate F.) 

Black shale. 

Devonian limestone with worm borings 3 ft. 9 in. 

Rusty brown limestone 1 ft 3 in. 

Probably the layer with flsh remains 6 in. 

Crab Orchard clay shale, Estill and Waco horizons 19 ft. 

Reddish brown limestone 1ft 

White clay, Lulbegrud horizon 7 ft. 6 in. 

Limestone layer. 

White clay 7 ft. 6 in. 

Clay with reddish brown limestone at various levels, 

Oldham and Plum creek horizons 23ft. Gin. 

Reddish brown limestone with Khimtpora frumilnna, 
Zaphnmtis daiftofiensia, and Cyathophyllum cahjcu- 
lum. Owing to faulting, the top of the Clinton or 
Brassfleld bed is not well exposed at this point, and 
the full thickness of this bed is probably greater. . 5 ft. 4 in. 

Reddish brown limestone, with bluish argillaceous rock 
at the base. Containing Cye\ow*ma dautonensis, 
Lrptania rhombf/iflaliM, and (Inthropora fmndosa... 3 ft. 7 in. 

Soft blue clay shale 2 ft. 

9 R-XE. — South of Indian Fields^ alxmt two and a half milefi 
in a direct line, alnrnt half a mile* Koutheast of Chilton, on the 
Old Rilly Snowden fann near the headwaters of Ixjug branch, 
west of the creek. (Fijr 1, Plate F.) 
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Here the distance from the baRe of the Silurian to the ba*se 
of the Devonian limestone is sixty-two feet 

10 R-NE. — On the eastern side of 1ajW£ branch, on the ^[or- 
gan Eulmnks fanu, >itricl{landitiUi occurs about thirty fcn^t 
above the base of the Silurian. 

11 R-NE. — ^About four and a half miles south of Indian 
Fields, at Grow ford, on Lull)egrud creek. 

The base of the Silurian hen* is seventy-three feet above the 
creek. 

12 R-NE. — About five miles west of south from Indian 
Fields, on tlie road to Vienna, along th( run crossing the road 
south of the home of J. T. Elkins. The section is much oIh 
scured by soil and by the dip of the rock, the strata being ex- 
posed at distant points along the run ami ah)ng the roa;l. ( Fig. 
2, Plate F.) 

Fissile Black shale. 

Argillaceous rock, equivalent to the Duffln layer 3 ft. 

Devonian limestone, with chert 3 ft. 9 in. 

Not exposed, probably clay 1 ft. Sin. 

Massive reddish brown limestone, probably the 2- 
foot layer at the base of the Waco horizon of other 
sections 1 ft. 

Blue clay, probably the Lulbegrud layer 12 ft. 

Brownish limestone, Strirkhimlinla layer at top of Old- 
ham limestone 4 in. 

Chiefly clay, some interbedded limestone 5 ft. 

Solid brown limestone 6 in. 

Soft clay, Plum creek horizon 8 ft. 

Clayey limestone 2 in. 

Chiefly clay, with limestone interbedded 5 ft. 6 In. 

Horizon with large crinoid beads; cross-bedded lime- 
stone at top of Brassfield bed 6 in. 

Well-bedded limestone 8 ft. 

Massive limestone, unfossiliferous 6 ft. (5 in. 

Top of Ordovician. 

13 R-NE. — Six miles we?^ of south of Imlian Fields, along 
the road to Vienna, along tlu» n»ad east of l^)g Lick church. 
(Fig. 2, Plate F.) 
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Black shale. 

Brownish rock, hrecclated in appearance, belonging to 

the Duffln layer 2 ft 

Massive, cherty Devonian limestone 4 ft 

Probably clay, poorly exposed 6 In. 

Solid layer of limestone, brownish red, probably the 
2-foot layer at the base of the Waco horizon of 
other sections 9 in. 

Distance from preceding layer to base of Brassfield l>ed 66 ft 

14 R-NE. — About six and a quarter miles south of west 
from Indian Fields, on the road to Vienna, at the forks of the 
road about a quarter of a mile south of Log Lick church. ( Fig. 
2, Plate F.) 

Black shale. 

Devonian limestone, 67 feet above the base of the 
Brassfield bed. 

16 R-NE. — North of Vienna, along the road from Indian 
Fields to Vienna. 

Devonian not seen at top of the hill. 

Crab Orchard clay shale 38 ft 

Possibly a fftult near the base of this part of the section. 

Horizon with large-celled species of Favosites, and with 
Hitidia sphaeroidaHs. The latter was found loose. This 
is believed to be near the horizon of the 2-foot layer 
at the base of the Waco horizon of other sections. Dis- 
tance above the base of the Brassfield bed 85 ft 

If this interpretation is correct, the strata must dip south- 
ward at a considerable angle on this hill slope. This reiiuires 
further studv. 

17 R-NE. — Eight and a half miles in a direct lin© we»t of 
south of Indian Fields, acToss the riv(»r from Vienna^, along the 
road to the home of Old J(mi*s Finnell. (Fig. 3, Plate F.) 

Black shale. 

Hard brown limestone 5 ft. 3 In. 

Brecciated clay 1 ft. 

Soft rock 1 ft. 

Devonian limestone with much chert 6 ft. 

Crab Orchard clay shale, not exposed, Elstill. Waco and 

Lulbegnid beds 62 ft 
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Limestone layer. 

Not exposed, probably Oldham clay and limestone 6 ft. 

Thin, badly weathered limestone interbedded wich clay 5 ft. 6 in. 

Not exposed, probably chiefly Plum creek clay 6 ft. 6 in. 

Limestone, poorly exposed, with thin clay partings... 3ft. 6 in. 

Strongly cross-bedded layer at top; Brassfleld lime- 
stone with clay interbedded immediately below; 
much less clay toward the base 9 ft. 6 in. 

Massive limestone 4 ft. 2 in. 

Top of OrdoYician. 

Clay rock, weathering into clay, upper part of Rich- 
mond 48 ft. 

Well-bedded argillaceous limestone 14 ft. 9 in. 

Interval above river, clay rock 17 ft 6 in. 

Base of Richmond, not exposed. 

18R-E. — Eight and a half miles south of Indian Fields, 
about three quart^^rs of a mile southeast of Vienna, up a branch 
entering Rocky creek from the east, along the hillside near the 
home of James Stone. (Fig. 3, Plate F.) 

Black shale. 

Brown, brecciated appearing rock, equivalent to the 

Duffln layer 5 ft. 

Devonian limestone, with chert 6 ft 

Crab Orchard clay shale with limestone layers at vari- 
ous levels, especially in lower half 85 ft. 

Massive cross-bedded limestone^ probably at the Whit' 

Heldella horizon Sin. 

Rotten Brassfleld limestone, interbedded with clay at 

top 3 ft. 

Limestone, badly weathered 2 ft. 

Solid limestone, belonging to the base of the Brassfleld 

bed 8 ft. 

Top of Ordovician, above Red river 80 ft. 



L. — Sections Between Rightanole and IIeuritt. 

(Map 5, page 185.) 

31 R-NE. — Southwest of Indian Fields five mih»s, on the 
poad to Merritt, northeast of Arlen, near (loo^sey's Old Stand. 

Brecciated in appearance at top; a little chert in the lower 

part, 18 inches thick, Devonian limestone 5 ft. 

The Whitfieldella layer occurs near by, but whether brought 
up by a fault or not, was not detenu ined. 



190 KENTUCKY GEOLOGICAL SURVEY. 

32 R-NE. — About seven miles southwest of Indiau Fields, 
at the fork of the pike about a mile north of Merritt ford, near 
the c Id Simpson Brock place. 

Limestone, poorly exposed. 

Clayey layer, probably corresponding to the Moot 
Plum creek layer. 

Strongly cross-bedded, sandy layer 1ft. 

Horizon at top of Brassfleld limestone, with large crin- 
old beads, WhiifleldeUa cylindrica'Huhquadmta, 
Rhinopora frond^tsa, Cifathophyllum calycvhim, Pty^ 
chophyllum iptmiea, and Dalmanella clegantula near 
top. Total thickness of the limestone, including 
the fossiliferous layers 10 ft 6 in. 

The limestone la vers over the five-foot bed are verv near the 

• « 

lev(4 of the Devonian limestone, possibly brought up by a fault. 

33-34 R-NE. — Nearly eijjht miles in a direet lin(* southwest 
(?f Indian Fields, abc^ve and below the lauding at Merritt's ferry. 

Limestone layers. 

Interval, not exposed, probably clay 5 ft. 

Coarse sandy layer, probably the WhitfleldrUa horizon, 

or Just above 1 ft. 

Limestone, Brassfleld bed 11 ft 

Clay rock, weathering readily, upper part of Richmond 

division 90 ft. 

Trtnidiiim horizon, with Strrptelasma ruMlcitm-cana- 

dm Ml a a short distance above. 

Clayey limestone layers with fossils 10 ft 

Clay rock, chiefly Richmond 46 ft 

Indurated clay rock with Platyntropliia linu' HrbfT- 

trUa Jtiniiata, near top of Maysville division 1 ft 

Soft clayey shale 6ft 6 In. 

Ijitterhia ohiftenMln abundant Sin. 

Top of Mount Auburn bed. 

Rubble, clayey limestone with Platyatrophia lynx and 

bryozoans very abundant 11 ft 

Layer with HeberteUa ninuata, Plntystrophia lynx, 

LuplHutpIra bfttrdmi, and bryozoans 6 in. 

Layer with numerous lamellibranchs, and with Or- 

thorrraM 1 ft. 

Argillaceous limestone, rather hard 2 ft. 

Chiefly clayey shale with some clayey limestone, fos- 
sils few 15ft Gin. 
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M. — Sections Between Indian Fields, Clay City, and 

LULBEGRUD CKEEK. 
(Figure 2, plate F, page 184; map 6. page 193.) 

7 B-NW. — Southwest of Clay City, alM)ut two miles in a di- 
rect line, at Tipton ferry. 

Irvine clay and sand. 

Black shale. 

Cherty Devonian limestone 2 ft. 

Hard limestone, with cherty nodules, and with fish 

remains at base 2 ft. 

Soft limestone with fish remains 8 in. 

Crab Orchard clay shale, lower part belongs to the 

fossiliferous Waco horizon 16 ft. 

Brown limestone 1 ft. 4 in. 

Horizon with Faronites ffothlandiva. 

Chiefly Lulbegrud clay at top, base of this part of sec- 
tion not seen on account of being below river 
level 33 ft. 6 in. 

Red river. 

6 B-NW. — Wept of Clav City, north\yest of the bridw across 
Red riyer. 

Devonian limestone 4 ft. Sin. 

5 B-NW. — About half a mile west of (he bridge at the western 
end of Clay City, alon^j; the railroad. 

Rusty brown limestone with coarse chert 4 ft. 

Soft rock, weathering back, with Devonian corals in 

lower part 1ft. 

Rusty brown limestone with chert, and Uvth-ulari'i 

flmbriata 1 ft. 8 in. 

Rusty brown limestone with small black nodules and 

flsh remains in lower part Gin. 

Waco horizon of the Crab Orchard clay shale, with 

worm borings, vertical, in a thin clay rock near 

the top. Within 2 feet of the top occur Fr/rox/7f.< 

ftiruiffis and ('iiuthujthyUum. 

The oxpoi*nres of the fo^'silif(»roiis TN aco horizon beneath the 
Devonian limesitone eontinni* northwest, tovyard Virden. 
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8 B-NW. — ^Southwest of Clay City, alwut th.^ee miles in a di- 
rect line, along the road leading from Tipton ferry to Plum 
creek, along that i)art of the road descending toward Plum 
creek, northeast of the home of (leorge Mcintosh. 

Irvine formation. 

Black shale. 

Argillaceous rock 1ft. 8 in. 

Devonian limestone, cherty 3 ft. 

Crinoidal limestone with Himiin 1 ft. 

Soft rock, weathering back 6 in. 

Crinoidal limestone 10 in. 

Scft rock, weathering back 7 in. 

Soft rock with fish teefh, tuberculated plates and 

black phosphatic nodules % . . 6 in. 

Estill clay, and Waco clay with limestone layers 17 ft. 

Limestone 1 ft. 2 in. 

Lulbegrud clay 13 ft. 

Oldham limestone with Hiricklandinin and Stt'uphoneUa 
near the top. A ferruginous layer occurs about 6 
feet below the top. The lower half contains Platy- 
atrophia dayittti'-nHis, Dalmanella eleffuiitulo, Lf'p- 
taena rh^pmboidnliM^ CyathopJipUum ealyruhtm, and 
HaJyMfes eaten Hiatus, Section not clearly exposed, 
thickness about 11 ft 

Plum creek clay, exposed In bottom of creek as far 
south as a point directly east of the home of George 
Mcintosh, formerly occupied by John Burgher.... 5ft. Sin. 

I imestone, strongly wave-marked 1 ft 

MhitflrMrlla layer. 

1 ayer with large crinoid beads. 

Brassfleld limestone. Owing to the irregular dip of the 
rock, and the poor exposures, the thickness of 
the Brassfleld bed can not be determined, but it is 
probably about 19 feet. At this exposure the bot- 
tom of the Brassfleld bed is found below the near- 
est Plum creek clay exposure 21 ft 

Top of Ordovician. 

9 B-NW. — A!>out thr(M» and a half miles west of Clay City, 
north cf Hudson's mill, on the road from the mill to Snow creek 
church. 

Black shale. 

Argillaceous rock, brecciated at base as in case of the 

Duflln layer, with brachiopods 9 ft. 

Devonian limestone with FaiyiniteH and Chotwphi/llum. 
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10 B-NW. — North of Snow creek (»hurcli, just before crossing 
Snow creek. 

Devonian limestone. 

EstiU and Waco beds of the Crab Orchard Clay shale. . 22 f t 3 in. 

Limestone layer. 

Section, upper part chiefly clay (Lulbegrud clay), lower 
part with limestone layers interbedded (Oldham 
limestone) 16 ft. 

Plum creek clay bed 5 ft. 6 in. 

Whltfleldella layer, ferruginous. 

Limestone, belonging to the Clinton or Brassfleld bed. 15 ft. 9 in. 

Top of Ordovician. 



U. — Sections West of Indian Fields, Along the Railroad. 

(Figure 4, plate F, page 184; map 5, page 185.) 

1 R-NE. — Clay pit alonp the railroad, al>oiit thrtM* (juarters 
of a mile northwest of Indian Fields. 

Irvine formation, sandy clay with pebbles, varies in 

thickness from 2 to 5 ft. 

Black shale, badly decayed, 1 or 2 feet in thickness at 

XK)int of observation. 

Devonian limestone, badly decayed 1 ft. 6 in. 

Estill clay 7 ft. 

Waco clay with fossiliferous limestones, only the top 

is exposed. 

Interval, about 38 ft. 

Reddish brown limestone full of Cifathophf/lhun vulih 

culum, probably equivalent to the WftitfichUna 

layer. 
Poor exposures of the Brassfleld limestone, along the 

eastern side of Howard creek. 

2 R-NE. — NorthwoKt of Indian Fields, al>ont a mile, west 
of Howard creek, alon<j: the niilroad. 

The most eastern exiH)snre of the Oldham limestone contains 
Stncklandinxa near the* toj). FiTni^inons layers occnr within 
two feet of the top of the limestone. All the layers of the lime- 
stone are well shown at the varit)us cuts along the railroad, but, 
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owiiyc Ut the dip, it ii* not (atty to dettnnine the precise thick- 
nifw of t)H> Olillwm Wiiu^Utnt- ut thin lui-ality. It in estimated 
nt nl»fMit foiirt^-^-n feet. Tin* iimMi-ivi' limestimp at the base of 
Hh- Hrnwtflflil motion in cxpowd aloiif* Hr)war(l creek; east of 
till' cn-fk. iHirtli of tlie railnintl, it liaH a thickness of about seven 

a It-NK. — A whort distflncc farther westward, at the western 
(■nil of fi tow rnilrond cut, the following &ection is exposed: 

Light brnwn or reddish brown llmestoae with tbfn 

claj' partlnKB forming lower part ot Oldham bed. . 8 ft. 

Chiefly Nofl Plum creek ctKy with a Utile llmeatone 
at th» top and with thin streaks ot HmeBtone at 
Irregular Intervals S ft. 

Bandy llmmtons with WhilfltldrUa. 

Btrongly wave-marked layer; large crlnold beads sear 
top ot underlying lay era. 

Reddlih brown Brautneld limestone with some Inter- 
bpd'led clay, containing Ciilvuimme rogdtM, Cpel't- 
tirmn ilitiiii>npii»iii, WUffwrftdfrriiti uroftOm, Tiiplrrta 
miiMi. Ortknlketet ftuKipHmta, Lrptnrtia li/ombiiM- 
nllK, Jhtlmnnrtla rtnattnia, PhttJI'ipnriiia angmltila, 
RhltMimnt fr<m4o»a. /"JnrnopifW ej-panta, ZapkrtiitU 
rfafff'iHf-nWn, anil CiiiiHiiiptinUtim rvlitrvlinii 7 ft. 

Reddish brown limestone with Interbedded clay, and 

plenty of fitntfinphnllinn rwfirwf «•» at top 6ft. 6fD. 

Reddish brown massive limestone, forming base of 

DraKsfleld limestone, about Ttt. 

Top of Ordovldan. 

4 lort It-NK. — Section fn^ni the HornlwK'k cnrre, a mfl^ud 

n half w("*t i^f Indiai. Fields, w«-*twar.l ;.t. nt; the raTlTN-md tn the 
home of Tom Will AI»1m>||, three miles w.^i nf Ind^^^^^i 

Base or Brassfleld limesta p at top of ^^^^^^^^^H 

eKponiiro the Hornbark cnrve. 1.5 mllia flA^^^^^^^^^^^H 
Indian at 4R- ^V^^^^^^^^^l 

'^'hltlKh. «>nft riay. Upper Rich *^^^^^^^^^^^^^^^l 

light brown or b1 , I Sr^ ^^^H^^^l 

Claypy racV with * ^ ^^^^^^B 

alllferoas. U ^^ J 

mom awrrarM, ■ 

ortmmon : J 

Upper ^fl 
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Thin bedded clay rock and argillaceous limestone with 
fossils in the lower part, exact thickness not 
known, only estimated. Contains Stn)phumvna 
plnnumbimu, common; Hebcrtella occidental U^ Rhyn- 
chottvma capux; 8trcptelaiima rusHcum-canadenHiH ; 
Middle Richmond 17 ft. 

More sandy interval, fossils few. Middle Richmond... 17ft. 

Massive layer of limestone, showing along the foot 
imth from the railroad down northeast to the home 
of Jim Homback (locality 5R-NE); also west of 
the beginning of this path, at the second cut along 
the railroad. Middle Richmond 1ft. 6 in. 

Massive indurated clay, spalling. well shown in first 
cut west of path leading down to Jim Hornback. 
Lower Richmond 30 ft. 

Thin bedded clay rock. Lower Richmond 18 ft. 

Thin shaly section corresponding to the section at the 
base of the Richmond section along the Kentucky 
river, east of College Hill, and at Cobb Ferry. Ex- 
act age unknown, exposure poor; interval esti- 
mated at 20 ft 

Plafunitophin If/nx abundant, associated with Leptacna 
rhomhoidaUs, at the home of ToSi Will Abbott, near 
top of Maysville division of the Clncinnatian. Lo- 
cality 6 R-NE 8 ft 



0. — Sections Between Indian Fields and Jeffersonville. 

(Plate G, page 192.) 

0-B-NW. — Southeast of the hotel at the Oil spring al>onf a 
mile and a half ea«t. of Imlian Fic»ltls. From this iH)lnt the sec- 
tion leads upward along the road toward the Indian Fields and 
Kiddville pike. 

Irvine sands. 

Phosphatic nodule layer at base of Linietta clay. 

Black Devonian shale 40 ft 

Thin clay layers in Black shale at various levels 15 ft. 

Black (Huron) shale 75 ft. 

Level of the Soda Spring. 

Black shale (Huron), fissile 14 ft. 

More solid layer, earthy, bluish gray, weathering to 

irregularly shaly fragments 3 in. 

More shaly, the upper part very fissile and black 1 ft. 

Solid, light brown, like Duffln layer but not brecciated. 10 in. 
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Strongly brecciated and weathered so as to brinp out 
the brecciated appearance splendidly, contains eel- 
estite, crinoid stems, cyathophylloid and favositoid 

corals •. . 1 ft. 

Black shale, fissile 2 in. 

Solid, light brown limestone, contains black nodules 
near the base up to % inch in length. The Oil 
Spring issues from just beneath this level. 

Estill clay at top of Crab Orchard division of the 
Silurian. 

0-B-XW. — Northeast of the Oil sprinj": hotel, one hundred 
yards, in a little run eut<?riiig Lull)egpu(l ereek from the west. 

• 

Black shale. 

Solid limestone 10 in. 

Brecciated Duflln layer 10 in. 

Solid limestone 1 ft. 2 in. 

Limestone weathered cavernous 1 ft. 6 in. 

Poorly exposed, solid limestone in part 1 ft 6 in. 

Not exposed, soft 4 in. 

Solid, hard, siliceous limestone 1 ft. Sin. 

Rotten stone 1 in. 

Ferruginous brown limestone with black nodules 5 in. 

Rotten stone 4 in. 

Ferruginous brown limestone with phosphat'.c black 

nodules 4 in. 

13 B-NW.— About a mile eaf^t of Indian Fields, at the Holly- 
wood < r Stuart mill on* Lulbegrud CDcek. 

Black Fhale. 

Brecciated or Duffln layer 1 ft. 8 in. 

Devonian limestone 2ft Sin. 

Sandy rock, with tiny black nodules and fish remains. 1 ft. 9 in. 
Reddish brown Devonian limestone, with Phaatps rana 

and other fossils, massive rock, forming the falls. . 4 ft. 4 in. 
Estill clay division of the Crab Orchard clay shale. 

12 B-NW. — AlK)ut half a mile southeast of the Hollywood 
mill, on the (^sistern side of LuHx^-jn^id creek, at the spring north 
of the home of Will Ijawrence, north of the oil spring. 

Black shale, fissile. 

Black shale, with lenticular calcareous layers of rock. 8 ft. 

Brecciated or Duflln layer of limestone 3 ft. 9 in. 

Shaly rock 1 ft. 3 in. 

Massive Devonian limestone 3 ft 4 in. 

Crumbling rock with f^sh remains 4 in. 
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11 B-NW. — East of Indian Fields a mile «ind a half, south 
of the Oil spring, at the Eastin mill. 

Black shale, Interbedded with clayey rock near the 

base 8 ft. 

Massive Devonian limestone 4 ft. 6 in. 

Softer, argillaceous rock 1 ft. 

Massive limestone 3 ft. 6 in. 

Layer with fish teeth lin. 

Estill clay and Waco horizon of the Crab Orchard 

clay shale, blue 18 ft. 6 in. 

Solid limestone Sin. 

14 B-NW. — North of Indian Fields a mile and a half, west 
at Kiddville, east of the western fork of LullK^gnid cr(H»k, north 
of the road, northwest of Jim Peel. 

Along the top of the hillside, loose boulders contain- 
ing WhitflcUlHla eifJimhivn-Huh'tumlraia and large 
crinoid beads 1 ft 

Poorly exposed, Brassfleld bed, chiefly limestone but 
with some interbedded clay at top. and half a foot 
of clay near the base 5 ft. Gin. 

Limestone, fairly well exposed 7 ft. 6 m. 

Top of Ordovician. 

15 B-NW. — Northeast of Kiddville, alon<i: a little s«tn*am 
emptying into the northern fork of Lull)egnid cret^k. 

Ferruginous layer. 

Interval not measured, estimated at 3 ft. 

Thin limestone layers with large crinoid beads. 
Heavy cross-bedded layer, full of ('vathophiiUum mlfi- 

cubmi : wave marked at top Sin. 

Remainder of the Brassfleld bed not exposed. 

16 B-NW. — Half a mile (^st of Kiddville, at the junction of 
the North and East Forks of Lulbegnid rr(M»k. 

Limestone 4 in. 

Thin limestone layers, Oldham bed, interbedded with 

clay 5 ft. 6 in. 

Chiefly blue clay. Plum creek bed, with a little thin 

limestone, especially toward the top 5 ft. 

Limestone Sin. 

Ferruginous layer with Otthathetcs 1 ft. Sin. 

Interval 1 ft. Gin. 

Limestone with Cjfathftphfflluni talf/mhun abundant, at 

top of the Brassfleld limestone. 
Remainder of Brassfleld bed not exi^osed. 
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17 B-XW. — Xortheai^t of Indian Fields four miles, about a 
quarter of a mile west of Levee. 

DeTonian limestone 1 ft. 6 in. 

Probably a fault or a strong monoclinal dip. 

Interval 11 ft 

Light brown, thin-bedded limestones, interbedded with 

clay, Oldham bed 5 ft 6 in. 

Blue clay, thickness not accurately determined. Plum 

creek clay. In part Total interval recorded as... 12ft 
Sandy limestone with a few large crinoid beads, one 

with a diameter of one inch, also with Cyatko- 

phylUtm calyculutn 4 in. 

Very fine-grained purple rock, with large crinoid beads, 

Whitfieldella, Orthothites, and Lcptacna rhomMd- 

alis -fiin. 

Interval belonging to Brassfleld horizon not exposed . . 6 ft € in. 

Solid limestone 6 in. 

Softer layers, not well exposed 2 ft. 

Massive limestone, unfossiliferous, forming base of 

Brassfield bed 5 ft 

Top of Ordovician. 

Thrn* i^ a j-'tronji: dip here, as much as eighteen feet in a 
diKtanre rf 200 feetv Making allowance for the dip, the dis- 
tan<c from the Uise of the Silurian to the base of the Devonian 
may U* estimat(*d at approximately sixty-seven feet. This would 
ncr<*ssitat4* a coiu«idera!>le increase* in (he estimate* of the strata 
alM>vc the «andy limestone with the large crinoid lieads, since 
no corriM-tion for dip was mode in taking these measurements. 

20 B-NW. — AlK)ut five and a half miles east of Indian Fields, 
at the road comer two and a half inik^ southeast of I^vee. 

The liQsc* of thi" Waverlv, which usuallv t-onsists of a laver 
ccmtaining phosphati<- nodiik*s, consists here of a continuous 
puri>le phosphatic UnI, varying from on(» foot to a foot ami a 
half thick. 

At. tlw* angle in the road, a (luarter of a mile farther north, 
a hanl argillaccH^ms ro<k is found near the Iwse of the Black 
shale, underlaid by a little additional black shale. 

22 B-XW. — Al)out seven and a half mil(*s east of Indian 
Fields, aii<l a mile S4nithwest of Jeflf^rsonville, where the road 
crosses Svi'amore creek. 
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Black shale, fissile. 

Hard argillaceous rock. 

Black shale 5 ft. 6 in. 

Hard rock, Devonian 4 in. 

Crab Orchard clay shale, including Plum creek, Old- 
ham and Lulbegrud horizons 16 ft. 

Thin, fine-grained purple layer. 

Red sandy rock, with one crinoid bead having a diam- 
eter of three-quarters of an inch 1ft. 6 in. 

Limestone in bed of stream, irregularly wave-marked, 
with lumps of argillaceous rock, also with numer- 
ous large crinoid beads, forming top of Brassfield 
layer. 

23 B-NW.— Half a mile northwest (»f JeflF ersonville, at the 
er()S8ing of the pike to Mount Sterling over Sycamore creek, 
east of cre^. 

Argillaceous rock in lower part of Black slate section. 
Devonian limestone poorly exposed, on west side of 

creek 3 ft. 

Interval, not exposed, occupied chiefiy by Oldham and 

Plum creek horizons 16 ft. 

Red sandy rock 1 ft. 

Layer with large crinoid beads. 

Interval occupied by Brassfield limestone 10 ft. 

Red massive layer forming base of Brassfield bed 2 ft. 

Bed of Creek. 

25 B-NW. — A mile we»t of Jeflfersonville, on the eastera 
side of BruBh creek. 

The inten'al between the base of the "Devonian lim(*Btone 
and the base of the Silurian appears to l)e about twenty-six feet. 
The maivrive laver at the base of the riinton. or Bra«Kfield b(»d 
i» le«R than five feet thick, and is cherty. This is the most 
soutbem exposure at which the Clinton is found to be distinct- 
ly cherty. 
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P. — Sections Between Spencer and Olympia. 

(Plate H, map 7, page 202.) 

1 FI. — East (^f Si>enc(T, wost of Shite crtn^k briilgi*. 



Devonian limestone, brown, not brecciated , 4ft. Sin. 94ft. Sin. 

Brecciated rock:, like Duffin layer ' 1 ft. 6 in. j 90 ft 

l^ayer composed almost entirely of chert 1 ft. 6 in. 88 ft. 6 in. 

Devonian limestone with chert and cherty corals 1 5 ft. 87 ft. 

Interval j 61ft. 8 in. 

Limestone full of WhUfleldvUn vulimlnva'suhnnmhuti, 
Cyathop' ifllf.m i-nlinvlum, and (hih^ithetea. It con- 
tains thin streaks of flne-grained purple argil- 

laceous rock at top of Brassfleld bed 4 in. ' 20 ft. 4 in. 

Clay ' 2 in. 

Thin, clayey limestone, full of large crinoid beads.. . 2 in. 

Chiefly clay , 2 ft. 5 in. i 19 ft. 8 in. 

Massive limestone ' 5 in. i 17 ft. 3 in. 

Clay ' 6 in. ' 1« ft. 10 in. 



82 ft. 



20 ft. 

19 ft. 10 in. 



Massive limestone 9 in. | 16 ft. 4 in. 

Chiefly clay • 10 in. : 15 ft. 7 in. 

Thin limestone layers 10 in. I 14 ft. 9 in. 



13 ft. 11 in. 
lift. 11 in. 



Chiefly clay, poorly exposed 2 ft. 

Thin-bedded limestone 1 ft. 8 In. 

Massive limestone 8 in, ' 10 ft. S in. 

Limestone in thin layers, separated by blue clay | 

, partings 3 ft. | 9 ft. 7 in. 

Massive limestone 1 f l. 4 in. 6 ft. 7 in. 

Massive limestone 8 in. i 5 ft. Sin. 

Blue clay 9 in. ' 4 ft. 7 in. 

Thin-bedded limestone. Biie cf Braifipld b?l 3 ft. 10 in. 3 ft. 10 in. 

Top of Ordovician. 



2FL — Ea^'t (f SiMMKM^r, v.\\ \\w (»a-t(rn si<l(» of Slate* cnM^k, 
Hoiith of the iHk(» f()ll()win<2: ^^^^' railroad. 



I 

Devonian limestone, full of chert 5 fr. ' 65 ft. 2 in. 

Interval 1 ft. 2 in. 6o ft. 2 in. 

Devonian limestone, massive, cherty 3 ft. r>9 ft. 

Interval r>6 ft. ' 56 ft. 

Base of Brassfleld bed, exposed on west side of Slato | 

creek bridge. I 
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3 FI. — Seotioni along the pike east of Howard^s Mills. 

Cberty base of the Brassfleld or Clinton bed. 

Belfast bed 15 in. 

Greenish Upper Richmond clay 24 ft. 

Sandy clayey limestone interbedded with sandy clay, 

Middle Richmond 27 ft. 6 in. 

Massive sandy Middle Richmond limestone bed, con- 
taining StivpJminena vttuftta, StropJwmetia planum- 
htnia, Strrptelamna riuiticum-canadensis, and Heber- 
tcUa siunata 5 ft 6 in. 

Poorly exposed sandy clayey rock. Lower Richmond.. 12ft. 6 In. 

Blue clay rock, spalling and cracking irregularly 17 ft. 

Sandy clay with Pranopora not very common 5 ft. 6 in. 

PraMopttra lutHinfalis abundant in sandy clay 6 ft. 6 in. 

Hard blue clay rock, regarded as of Lower Richmond 
age, containing Prasopora, Lophospira bowdeni, and 
lamellibranchs 3 ft. 

Bluish clay rock, much broken. Lower Richmond, 

Prampftfa common 4 ft. 6 In. 

Blue limestone 8 in. 

Rubble limestone composed largely of bryozoan re- 
mains, probably at Junction of Lower Richmond 
and upper Maysville horizons, including forms of 
each not carefully discriminated af this exposure. 12ft Sin. 

Plattffftrophia lynx found in lowest part of a section 
consisting of dark blue clay rock, nearly unfossilif- 
erous, belonging to the Amheim bed IS ft. 

PlatifHtropkia lynx abundant at various levels 42 ft 

Fossils scarce 12 ft 

Creek level. 

4 n. — Two and a quarter miles southwest of Preston, west 
<'f a small branch (»nterinj; Slate cre<^k from the wmth, along 
the read to Howanl's Mills. 

Abundant chert, loose, left after the decay of Devonian 1 

limestone. I | " 

Interval, poorly exposed, down to base of Plum creek j 

clay 76 ft 

Wave-marked layer with large crlnold beads 8 in. ; 17 ft 2 in. 

Interval i 5ft 16 ft. 6 in. 

Limestone with crinoid beads 2 ft. j 11 ft. 6 in. 

Solid limestone, belonging to the Brasafleld bed 7 in. 9 ft 6 in. 

Irregularly bedded limestone Interbedded with clay 3 ft. | 8 ft 11 la. 

Blue clay 4 in. 5 ft 11 in. 

Solid limestone | 1 ft 6 in. | 5ft 7 In. 

Blue clay ' 6 in. ? 4ft 1 In. 

Massive limestone with chert, forming the lower part | 

of the Clinton or Brasstteld bed 3 ft. 7 in. ' 3 ft. 7 In. 



93 ft. 2 in. 
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5FI. — Southwest of l^reston about two miles in a direct 
line, along the road, east of a small branch entering Slate creek 
from the gc;uth. 



Cherty Devonian limestone ] Ztt 

Alger clay, poorly exposed , 60 ft. 

Thinner Oldham limestone, with more clay ! 3 ft. 

Thin Oldham limestone, with less clay I 6 ft. 6 in. 

Plnm creek clay I 5 ft 6 in. 

Wave-marked layer of limestone | 4 in. 

Clay : I 4 in. 

Limestone, strongly ferruginous, wave-marked, red I 

purple in part. Whiffieldrlla j 1 ft. 

Brassfield limestone, full of large crinoid beads ! 2 in. 

Clay I 2 ft. 6 in. 

Strongly wave-marked layer of limestone with large ! 

crinoid beads , 9 in. 

Clay ! 2ft. 3in. 

Irregular limestone 1ft. 2 in. 

Solid limestone 10 in. 

Clay ' 6 in. 

Massive limestone, belonging to the Brassfield bed. . .i 10 ft. 



; 96 ft. 


10 In. 


1 94 ft. 


10 in. 


1 34 ft. 


10 in. 


' 31 ft. 


10 in. 


25 ft. 


4 in. 


19 ft. 


10 in. 


i 19 ft. 

1 
1 


6 in. 


1 

i 19 ft. 


2 in. 


' 18 ft. 


2 in. 


18 ft 




15 ft 


6 in. 


14 ft 


9 in. 


1 12 ft 


6 in. 


, lift 


4 in. 


10 ft 


6 In. 


'- 10 ft 





About a mile west of Preston, alouii the railroad, a short 
distance east of the home of William Johnson, the WhltficlilrUa 
layer is exposed. The Devonian limestone is Keen farther (»a.s(, 
in a deep railroad cut. Here the following exiH)sui'e» are seen: 

Devonian Black shale. 

Devonian limestone lift. 8 in. 

Alger clay 60 ft. 

Oldham limestone and clay 5 ft. 

Plum creek clay 7 ft. 6 in. 

Light brown limestone 4 in. 

Clay 8 in. 

Ferruginous limestone with large crinoid beads in 

lower part 1 ft. 

Limestone, containing large crinoid beads and one 

well-preserved Whtiflvhhila t^uhquudrutu 5 in. 

Clay, at top of Brassfield section 7 in. 

Limestone 4 in. 

Clay 7 in. 

Ferruginous limestone 1 ft. 

Remainder of Brassfield section not examined. 
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About four miles east of Owingsville, on the northern side 
of Kose Run, there is a wide area in which oolitic iron ore is 
quarried. Here the following section is exposed: 

Oldham limestone and clay, lower part of section 5 ft 

Plum creek clay 8 ft 

Limestone, wave-marked 4 in. 

Blue hydrated iron ore 5 in. 

Red hematitic iron ore 3 ft*. 

Brown limestone, top of Brassfield section. 5 in. 

Clay 4 in. 

Limestone with large crinoid beads C in. 

Remainder of Brassfield section not measured. 

6 FI. — South of Preston about a mile, east of a small branch 
onterinjr ^lill creek from the west^ 



*r^ 



Black shale. 

Brownish rock with traces of the brecciated appearance j 

of the Duffin layer | 2 ft. 6 in. 

Cherty Devonian limestone I 5 ft 6 in. 

Layer with fish remains ! 3 in. 



68 ft 3 in. 
65ft9in. 
60 ft 3 in. 



-Alger clay, exposed for a vertical distance of.. '60ft ' 60ft. 



7 FI. — Southeast of Preston, two miles in a direct line, on 
the eastern side of Blue Bank creek, south of the road. 

Black shale. 

Cherty limestone 1 ft 

Brown limestone, full of AhituH^HUa umftonata 1 ft. Sin. 

Reddish limestone, massive 1 £c. 3 la. 
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PART 11. 

ECONOMIC GEOLOGY. 



The Chemical Characteristics of the Ordovician Rock? 

of Kentucky. 

The High Bridge formations of Kentucky consist almost en- 
tirely of limestone with a high percentage of lime (more than 
60 per cent, of calcium carbonate) and a low percentage of 
silica (less than 5 per cent). Judging from the few analysis 
so far recorded, the Camip Nelson and On^gon divisions are 
distinctly more magnesian (from 10 per cent, of magnesium 
carbonate in the case of the Camp Nelson division to 3G p( r 
cent, in the Oregon) than the Tyrone division (2 i>er cent.i, 
while the TjTone division is distinctly more calcareous (95 iK*r 
cent, of calcium carlxmate, in place of 00 per cent., comparinl 
with the Oreg(m, and 80 per cent., compart»d with the Camp 
Nelson divisions). 

The Curdsville bed, the lowest division of the Ijexington for- 
mation, c(;nsists of crvstalline limestone. This is followed bv 
the argilbu*(H)us limestones and interbedded clay shales of llu* 
Logana bc^d, and the less argillaceous limestones of the Wilmori? 
division; the Paris Ix^d, which forms the top of tlie Lexington 
in by far the greater part of Central K(»nUicky, again is 
a crystalline limestone, with a high percentage of lime ((»ft(M] 
more than 90 per cent, of calcium carbonate^. The p(*rc(»n»;ige 
of silica in the Lexington limestones formerlv sulmiiliiMl to 
analysis is small, and while some of tlics<» limestones continued 
very little magnesium carlK)nate, others, rc^ferred to horizons 
here called Lexingtc^n, are accredittnl with 10 to 20, and eviMi 
35 per cent, of magnesium carbonate. Tlu* IVrryvilh* limestone, 
the Upper Birdseye of Linney, has not bcM'n studicHl as yc^l. 

In the lower, or Greendale divisi(ni of the Cynthia na 
formation, argillaceous limestones pn^lominat^*, and thesi* 
are interbedded with calcareims clays and clay shales, but 
in the upper, or Point Pleasant division the (piantity 
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of argillaceous material usually is . distinctly less, and 
in some localities the Point Pleasant division contains 80 
per cent, of calcium carbonate, and 12 per cent, of 
magnesium carbonate, with very little silica or alumina. Along 
the Ohio river, the quantity of silicious material in the lime- 
stones at the top of the Cynthiana f< rmation is considerably 
greater ( from 10 to 20 per cent. ) . The name for the lower of 
these subdivisions of the Cynthiana formation was suj^i:ested 
by J. M. Xickles; the upper division was named by Professor 
Orton. 

For the lower and middle parts of tlie Eden division of the 
Cincinnatian series of rocks the name Million beds has been 
proposed. These consist chiefly of clay shale, limestone forming 
often less than a tenth, and very fre<iuently less than a fourth 
of the section. These clay shales are distinctly calcareous (from 
5 to 13, and even 18 i>er cent, of calcium carbonate), the silicious 
content is considerable (from 50 to 70 piT cent.), and the quan- 
tity of alumina may ecjual or even excecni 12 per cent. The quan- 
tity of magnesia is usually small, sometimes less than 1 per 
cent. The limestones of this division usuallv are rich in calcium 
carbonate (88 to 96 per cent.) and usually are poor in silica, 
althcugh occasionally layers with 10 to 16 per cent, of silica 
occur. 

The limestones of the TvOW(»r Garrard or Upper Eden bed 
•usually are accredited with a larjre iK^rcentage of silicious ma- 
terial (from 75 to 90 jkt cent.), with often less than 1 per cent, 
of carlK>nate of liuus but with 6 to 10 ikt cents of alumina. 
SiK*cimens not afftnted by weathering probably would show a 
greater jkt cent, of lime. For this part of the Upper Ed<*n bed, 
the name Paint Lick bed is proposed. 

The Fairmcmnt Ik^L in the lower part of the Maysville di- 
vision of the Cincinnatian series of rocks, contains usually a 
considerable quantity of rough irreirular limestones with an 
abundance of fossil remains. The percentage of calcium i*ar- 
iMJuate is high (from 87 to 93 per cent.), while the percentage 
of silica usually is small (from 1 to 3 per ciMit.). In the eastern 
I>art of the State there is a recurrence of argillaceous, and more 
silicious limestones in the upper part of the Fairmount bed, re- 
producing conditions found in the Tjower Garrard bed of CentTal 
Kentucky. For this phase of the Fairmount l>ed, the name Tate 
layer is suggestc^l, from the very characteristic exposure about 
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three miles west of Bichmond. An equally good exposure is 
seen along the railroad^ south of Maysville. 

The limestones from the upper part of the Maysville division 
often contain 75 to 88 per cent of carbonate of lime, and G to 
14 per cent^ of silicious material, with little alumina or nmg- 
nesium carbonate. The days, on the c»>ntrary, contain from (50 
to 80 per cent of silicious matter, from 7 to 10 per cent of 
alumina, and from 3 to 15 per cent of iime, being very variable 
as to their calcareous content To the strata from the base of 
the Fairmount IxhI to the middle or top of the Arnheim bed. 
Prof. N. S. Shaler gave the name Kentucky river limestone. 

The Lower Kichmond or Waynesville bed, in the greater part 
of Kentucky, consists of indurated clay rock with a more Khaly 
section at the Iwise. West of the Cincinnati gt^antidine this is 
replaced by argillaceous limestone; and towards the Ohio river, 
on the eastern side of the geanticline, blue clays interbeddc»d 
with a moderate quantity of thin blue limestones make their 
appearance. 

The Middle Richmond or Versailles bed, in the southern and 
southeastern part of Kentucky, consists of a considerable (luan- 
tity of argillaceous linu^tone interbedded with clay, often movo 
or less indurated. West of the Cincinnati geanticline thi^e 
limestones often are richly fossiliferouK; and toward the Ohio 
river, on the eastern side of the g(*anticline, the section not only 
becomes richly fossiliferous, but the limestones interbedded with 
the clay are thicker, harder, less argillaceous, and deeper blue 
in color. 

The Upper Richmond or Saluda bed, in all part« of Ken- 
tucky, is a distinctly argillaceous fonnation. Southward, and 
along the western side of the Cincinnati geanticline, a larger 
part of this WH-tion is strongly indurated and forms an argil- 
laceous limestone. At Madison, Indiana, a sample of this rock, 
which also would Ik? typical for th<» exposun^ in K<»ntucky as 
far south as Salt river, gave the following r(»sult on analysis: 

smca 19.80 

Alumina 15.05 

Water (dried at 212° F.) 35 

Water and loss 5 . 00 

Lime 29. 19 

Magnesia 1.55 

Carbonic acid 24.61 

Oxide of iron 4.45 
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This suggests th^? presence of about 52 per cent, of calcium 
carbonate, 3.25 per cent^ of magnesium carbonate, 5 per cent of 
liuu)nite, about 37.45 per cent, of clay, and only 2.35 per cent, 
of free silica. From this it may be s^en that the rock is an 
ar«ijillaceou8 limestone, and that the tc*rm sandstone applied to 
this rock is incorrect. On the eastern fc?ide of the Cincinnati 
geanticline the upper part of the Saluda bed consists chiefly of 
soft clay, and northward, toward the Ohio river, clay forms a 
larger and larger part of the entire Saluda section. 

From the upper part of the Richmond division of the Cin- 
cinnatian series of rocks, along Muddy creek, near Elliston in 
Madison county, the following analysers have been published: 

2189. — Shelly limestone in the IhhI of Muddy criH^k; below 
the home of J. G. Covingtcm, half a mile below Elliston. Of a 
dark uml)er-gray color; generally qu'te friable; some portions 
are compact 

Geological position: Richmond group. Collected by John 
R. Procter and referred bv him to the Cumberland shales. 

2190. — Impure limestone. From below the mill-dam on 
Muddy creek, southwest of Elliston. A pretty Arm, flne-granu- 
lar or comj>act rock of a handsome oliv(-gray color. 

Geological position: From the upper twelve inches of* the 
Richmond division. Colle<t(*d by John R. Procter, from rocks 
which he referred to the Cumberland shales. 

2191. — Impure limestone. From the same locality as the 
laj^t. Rather darker colored than the preceding; color inclined 
to brownish ; not so hard as the last 

(fcological position: From eighteen to thirty inches below 
the massive bluff limestone (Brassfield or Clinton bed) of the 
Silurian on Muddv creek. Collected bv John R. Procter from 
the top of the Richmond division, in ro^ks identified by him as 
CumlK»rland shales. 

Analyses; rocks dried at 212 degrees F. : 
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Na2189 



No. 2190 



No. 2191 



Siliceous residue I 20.740 

Alumina ^ 

Iron peroxide. L ' 10.330 

Phosphoric acid J . 

Water and loss 6.567 

Lime carbonate 48.530 

Bfagnesla carbonate 11 . 790 

Potash 1.696 

Soda I .347 



25.180 

17.656 

3.700 

.204 

4.902 

37.760 

10.050 

.458 

.090 



29 . 080 

21.256 

4.120 

.204 

4.302 

33.560 

6.955 

.578 

.045 



These analyses suggest that none (if the specimens contain 
more than 5 p(T cent. (;f free silica or sand. The ro(*ks are c*s- 
sentially argillaceous limestones with 7 to 12 per cent, of mag- 
nesium carbonate, stained by relatively small quantities of 
limonite. 

As far as may be determined from the analyses at hand, the 
Ordovician strata of Kentucky consist chiefly of calcium car- 
bonate and kaolin. In the limestonc^s, the calcium carlM)nate, of 
course, priHlomiriates. In some cases it forms more than 95 iK*r 
cent of the rock. But in other cases kaolin forms such a con- 
siderable proportion of the rock that the name argillac(H)us lime- 
stone is more appropriate. Magnesian limestones apin^ar to be 
rare or al)S€i:i. in the Cincinnatian, hut occur at various h(»ri- 
zoiiH in the Jessamine or Mohawkian* series of rocks. Lime- 
stones containing considerabh^ (luantilM s of free* silica or sand 
are rare apimrently, except at the (larrard horizon, and in the 
lower part of the Mays\'ille division of the Cincinnatian. 

In the clavs there often is a considerable admixture of free 
silica or sand ( fn)m 20 to 50, and even (^0 per cent. I. the larg(»r 
4|uantities occurring usually in the h>wcr (larrard or /V///// lArk 
bcHi and upper Fairmount or Tafr layer. Magnesiuu) carbonate 
<;ccur8 in small quantities, frequently fonuing less than 1 jmt 
cent., and rar<*ly m< re than 4 i)er cent, of the clay. Calcium 
carbonate also usually forms only a small part ef the clay, but 
it frcHjuently forms as much as 5 per cent., and occasionally 
exceeds 8, and even 14 per cent. AVhcre it is pn .'cut in consid- 
erable quantities, the clay is likely to b(* more or l<*ss indurated, 
forming an argillaceous or clay rock. 

In collating the various analyses of Ordovician rocks of Ken- 
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tucky 80 far published, it was noted that hitherto no systematic 
investigation of the chemical composition of the Ordovician 
rocks of the State had been attempted. The selections of samples 
for analj-sis appear to have been made at random. Sometimes 
many analyses have been made from practically the same hori- 
zon, while intermediate horizons have remained unknown. More- 
over, it is no longer possible to identify with confidence the 
horizons from which many of the specimens analyzed were ob- 
tained; on this account they can not be used safely in forming 
opinions as to the general characteristics, chemically, of Ken- 
tuckian strata. This may be readily accounted for. At the 
time when most of these analyses were made, the knowledge of 
the stratigraphy of Ordovician strata was less advanced than 
at present. In consequence, it was difficult ^ther to identify or 
to describe horizons from which samples were selected in such 
a manner that their relative position could be determined with 
exactnesa Under th(»se circumstances there was verv little in- 
centive to the systematic selection of material for analysis. 
Moreover, the demand for artificial cements was less imperative 
than to-day, and hence one of the possible uses of Ordovician 
strata did not invite investigation as much as at present. 

The same indefiniteness as to horizons is characteristic also 
of the analyses of the Silurian rocks of Kentucky, hitherto made. 
A few analyses made in connwtion w5th the present survey, 
however, supplement those by former surveys, so that, while our 
knowledge of Silurian strata is still very fragmentary, it is, 
nevertheless, more definite than that of Ordovician rocka The 
present paper is to be regarded only as preliminary to fuller 
investigations and shows merely the presc^nt stage of progresa 

The preceding account of the chemical characteristics of the 
Ordovician rocks has b(H^n offered onlv in order to serve as a 
nutans of comparison with the Silurian strata, next to be de- 
scribed. 
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The Chemical Characteristics of the Silurian Rocks of 
Kentucky East of the Cincinnati Geanticline. 

A. SiLUKiAx Limestones. 

No analyses of the limestones of the Brassfield bed and of 
the immediately overlying partn of the Crab Orchard bed have 
been made by the present Survey. A number of analyses, how- 
ever, have lRH?n made by fonner geological sur\'eys, and, although 
the exact horizon from which the sami)le» analysed were ob- 
tained can not be determined in several eas(% in spite of their 
apparently very definite location, th'.*se analyses probably give 
a very fair idea of the general charaeteristics of the strata in 
question, 

2192. — Impure limestone; from bolow the mill-dam on Mud- 
dy creek, scmthwest of Elliston. 

Geological i>osition: Fr<;m the lM)ttom stratum of the Si- 
lurian, resting on the top of the Hichmond division. This w(mld 
place it at the base of the Bfasstield bed. Collected by John K. 
Procter. 

A granular limestone; somewhat cc^llular; containing some 
I)etroleum, which gives it a brownish color. It weathers 
ochreous. 

2193. — Impure limestone; from below the mill-dam on Muddy 
creek, southwest of Elliston. 

(Geological position: Silurian. Top stratum, eight inches 
thick. Probably from the toi> of the Hrassfield beds, although 
some of the Oldliam limc^stones of the Crab Orchard bed also 
are exposed at this locality. 

An impure granular limestone; s )mewhat cellular; dark 
brownish-gray, somewhat mottlcnl. CinJains petrohMim, tlu* in- 
filtiation of which gave the dark color to tin* rock. Wlu*n 
heated over the alcohol-lamj), the jH^trolcum exudes from it. It 
weathers ferruginous. 

2194. — Impure limestone. From just below the mill-dam on 
Muddy cref^k. Elliston. 

Geological position: Second stralnm from thc^ top. Prol)- 
ably from the upper part of the Rrassfiehl bcnl. Collected by 
John R. Procter. 
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It resembles the precedinji:, but is darker colored. It also 
contains petroleum and some iron pyrites. 

2195. — Impure limestone. From below the mill-dam on 
Muddy eret*k, southwest of EUiston. 

Geolo^rical position: Third stratum from the top. Prob- 
ably from the ui)pL^r i>art of the Brassfield bed. ColleetiHl by 
John R. Procter. 

Kes(*mbles the preceding; rather finer-grained and harder; 
also containing petroleum. Exterior surface weathered ferru- 
ginous. 

Analyses; ?^mples dried at 212 dc'^iec^s F. : 



No. 2192 



Bitumen, water and loss. 

Siliceous residue 

Alumina 

Phosphoric acid 

Iron peroxide 

Iron sulphide 

Lime carbonate 

Magnesia carbonate 

Potash , 

Soda 

Total 

Percentage of lime 

Of magnesia 



I 



1.396 

9.980 

11.360 

3.500 

45.700 

27.475 

.501 

.088 

100.000 

25.592 

13.083 



No. 2193 

10.870 
3.980 
9.960 

3.900 

50.860 

20.100 

.276 

.054 

100.000 

28.480 

9.608 



No. 2194 



No. 2196 



6.493 
4.120 
5.960 

3.566 

.576 

50.960 

27.972 

.276 

.087 

100.000 

28.538 

13.319 



2.460 

3.920 

12.360 

.140 

4.460 

51.200 

25.124 

.287 

.049 

100.000 
28.672 
11.899 



7JM), 797. — riinten (inmp limestone.^ from Bath county. 

(i(M)lo««:ieal p<)siti(m: Exact jHisition unknown; prolmbly 
from the Bras^fiehl ImmI, or the base of the Crab On^hard IhhI, 
lH'n(»ath the Plum Cnvk clav. 



No. 796 



No. 797 



Silica and silicates 17.540 

Alumina, iron and manganese oxilos 9.020 

Iron carbonate 

Phosphoric acid . 117 

Sulphuric acid 633 

Lime carbonate 53 . 2-flT 

Magnesia carbonate 18.531 

Potash ' .444 

Soda 212 



1.980 

11.408 

3.095 

.592 

.235 

51.580 

28.779 

.209 

Trace 
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973. — 3Iagnesian limestone. Clinton Group, at IIill»l)oro, 
Fleming couut3\ Dull, dirty-buflf, impure limestone, w itli erin- 
oid beads, small specks of mica, and brownish stains of oxide 
of iron. 

Geological position : At very top of the Brassfield or Clinton 
bed, immediately below the Whitfieldeila layer. 

674. — Yellow red porous rock, over crinoidal limestone. A 
mile and a half east of Mount Carmel, Fleming county. 

Geological position : Prol>ably the base of the Crab Orchard 
bed, from the Whitfieldeila laver or immediately above. 

Analyses: 



No. 973 



No. 674 



Water and loss , 

SiUca and Insoluble Bilicates 

Alumina 

Iron oxide 

Iron carbonate 

Manganese carbonate 

^Phosphoric acid 

Sulphuric acid 

Lime carbonate 

Magnesium carbonate 

Potash 

Soda 



1.858 


1.802 


10.830 


2.880 


1.080 


^ 


11.073 
5.155 


►12.240 


.421 




.848 


.630 


.324 


.337 


42.680 


71 . 700 


25.358 


9.931 


.290 


.341 


.033 


.139 



A comparison of the anah^es of tli-j locks frcin Muddy en ek, 
near ElliKtcm, in Madiscm county, sh(;ws a considerable uni- 
formitj' in chemical composition. Tlie rocks are eyidently mag- 
nesian limestones. The total quantity of calcium and ma<i:ne- 
sium carlK)nate varices between 71 and 79 j)er cent., tlie quan- 
tity of the magnesium carbonate Ix^ng about half that of the 
calcium carl>onate. The total (|uantity of alumina and silicious 
matter varies between 10 and 20 per cent. The silicious matter 
probably is combineil chiefly >yith alumina, so that there is little 
free silica or sand. The color of the rocks is due chiefly to iron. 

The so-callKl Clinton limestones, from Rath county, present 
closely similar features. The total quantity of calcium and 
ma^i^nesium carl>onate yari(*s from 72 to 80 per cent, the ma<r- 
nesium carbonate ayerajrinjr to alnmt half of the calcium car- 
bonate. The color of the rock is due chiefly to iron. The rela- 
tive quantity of silica and alumina differs considerably in the 
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two specimens. In sample No. 796 there may have been free 
silica or sand. 

The specimen from Hillsboro, in Fleming county, shows sim- 
ilar features. The total quantity of calcium and magnesium 
carbonate is 68 per cent, the magnesium carb(»nate e<iualliug 
roughlj', half of the calciumi carbonate. The quantity of iron is 
considerably greater than in the case of rocks undoubtedly from 
the Brassfield bed. This agrees with (»l>servations so far made 
in the field, according to which the more distinctly ferruginous 
layers b^in with the layer containing large crinoid beads, at 
the top of the Brassfield IxkI, and these are followed by still more 
fen'uginous layers immediately al>ove the Whitfieldella layer, 
in the lower part of the Crab Orchard bed. The Hillsboro speci- 
men prolwbly contained free silica or »«and. This also is in 
keeping with observations in the field, the crinoid layer at the 
top of the Brassfield bed, and the immediately overlying layer, 
usually having a sandy appearance. 

The horizon of the linu^stone from Fh^ming countv is not 
definitelv known. The chief notable fejitures are the much 
larger i)ercentage of calcium carlM)nate, ami the correspondingly 
small percentage of magnesium carbonate. 

A comparison of the limestones from the Brassfield bed and 
from the low(»r jxirt of the Crab Orchard bt^l with the so-called 
Clinton lim(*stones of Ohio shows that the latter contain a much 
larger percentage of calcium carlnmate and a much smaller 
quantity of magnesium carl)onate. This apjM'ars to be true es- 
pecially of the more northern or north<'astern exi)Osures. For 
instance, at Centreville and Eaton th(^ percentage of calcium 
carbonate is al>out 85, and that of magnesium carlxjuate alxiut 
12; while at Dayton, Btown'w quarry west of New (^arlisle, and 
Ludlow Falls the Clintjon linn^tone contains from 91 to nearly 
98 per cent, of calcium carlxmate, and from 0.22 to 6.5 pt»r cent, 
of magnesium carlnuiate. At all of tluve localities the quantity 
of silica is very small (1 {ht cent, or l(»ss). The quantity t)f 
alumina is even less. 

B. The FKanroiNors, PiiospiiATir, and Magxeslvn Content 

OF SlLrUTAN RCK'KS. 

In Kentucky, the most charact<Tis<ic feature of the Brass- 
field or Clint4)n ImiI, and of the imm(Nliat<»ly overlying limestones 
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at the base of the Crab Orchard bed, behnv the Plum creek hori- 
son, is the considerable increase of magnesium carbonate as con- 
trasted with the percentage of this material in the limestones 
and clays of the Cincinnatian formations. This increase in 
the quantity of magnesium carbonate h accompanied by a cor- 
responding decTease in the quantity of calcium carbonate. 

The increase in the quantity of iron present, although rang- 
ing only from 3.5 to 4.5 per cent, when measured in the form 
of iron peroxide in the case of the Muddy crin^k limestones, also 
is noteworthy, since, at many points on th(» eastern side of the 
Cincinnati geanticline, this culminatesi at the base of the Crab 
Orchard l>td in a distinctly ferruginous horizon, which at sev- 
eral localities is of ccmimercial value. Analvses of ferruginous 
layers from several localities in Bath county show their value 
as ores. 

2575. — Iron ore, from Carnel Rice, taken from the land of 
Captain W. (K Allen. Ore of a yt^Uowish-brown color of the 
usaal structure (oolitic) of the Clinton iron ore. Bath county. 

Geological position: Near the base of the Crab Orchard 
bed, below the Plum creek horizon. Collected by W. il. Lin- 
ney, June, 1885. 

2576. — Iron ore from the Clinton gr( up on the Purvis lands, 
in Bath county. Kc^sembles the preceding, but is reddish in 
color. 

Oeologi(*al position : From near the base of the Crab Orchard 
"bed, below the Plum creek horizon. Collected by W. !M. Linney, 
^une, 1885. 

2577. — Iron ore. Avenage sample fi^om the land's of Wil- 
liam Warren, near the head of Kose Hun. Hath county. Clin- 
ton Group. Ore of the structure of Clinton ore, of a reddish- 
l>rown color. 

Geological position: Near the haso of the Crab Orchard 
l>ed. Ferruginous layer l>elow the Plum creek horizon. Col- 
lected bv W. M. Linnev, June 1, 1S85. 

Although the iron in the analysis is estimated as peroxide, 
some of it, in all these or(*s, is in the form of ferrous carbonate. 
Thc^se ores have a considerable proportion (^f lime and magn<^ia, 
^•hieh will aid in fluxing them, and a notable quantity of i)hos- 
phoric acid, which will not prevent their profitable use in the 
production of merchantable iron. 
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Analyses; samplos air-dried: 



Water expelled at 212** F 1.143 

Carbonic acid, water, etc i 10.863 

Silica 7. 160 

Alumina 5.468 

Phosphoric acid (P,0,) i 1-202 

Iron peroxide j 47 . 630 

Lime carbonate 16.560 

Magnesia carbonate 9.974 

Percentage of iron ; 33.341 



No. 2576 


M0.2S77 


.693 


1.607 


11.283 


8.445 


7.803 


6.960 


5.132 


3.720 


1.138 


1.010 


51.430 


58.570 


13.080 


15.160 


9.444 


4.528 


36.001 


40.999 



lt)55. — Linioiiite with earlwnate, said to be eighteen to twen- 
ty feet thick, from near Owingsville, on the nmd to Slate creek. 

Geoh)j!:ical jwsition: From mnir tlie base of the Crab 
Orchard lM*d, below the Plum creek horizon. Collected by Phil- 
ip N. Moore. 

Of a tine oolitic structure. Colors varying from yellowish 
and nnldish-brown to grayish-brown, v;ith greeni»h-gray infil- 
trations in some parts. 

Analyses; drial at 212 degrn^s P.: 

Combined water 7.835 

Siliceous residue 7.350= 7.560 of sUica. 

Alumina 8.346 

Iron peroxide 39.063 

Iron carbonate 11 .479=30.734 of iron, total. 

Phosphoric acid 868= .379 of phosphorus. 

Manganese peroxide no: estimated. 

Sulphuric acid 185= .074 of sulphur. 

Lime, carbonat? 18.710 

Magnesia 6. 159 

AVhih* the perc(»ntage cf raUium carbonate and magner^ium 
carhrnate in these ferruginous layer?; may seem considerable, 
viewing them as ores, they an^ inconsiderable when comi>ared 
with the (|uantiti(*s of tlu>se sul>stanci*s in ordinary Bra»<field 
and lower Crab Or<*hard limestones. C( nsidered as an ore, the 
total (|uantity of silica and alumina also is notable. 

The comi>osition and origin of these ores has not been fully 
investigated. They consist apparently of an intimate mixture 
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of limonite, hematite and iron earbonatt. Where hematite pre- 
dominates the color is more strongly rcxldish or reddish-brown. 
It has been thought by some that thi.* hematite was deposited 
in place, simultanecmsly with the calcium carbonate, as part of 
the original scKliment. Water percolating slowly but for long 
distances through the ground, when coming in contact with 
rocks having a favorable texture and composition, may take con- 
siderable quantities of iron comp<mnds into solution. These iron 
compounds are taken uj) i)r(>bably chiefly in waters containing 
considerable carbon dioxide and hence are dissK)lved most fre- 
quently in the form of carbonates. If thes*e carbonates enter 
the sea in areas where the water is comparatively shallow and 
little affected by curnmts, rich in vegetation and hence charged 
with acids derivtnl from decaying plants, they may b(» precipi- 
tated as ferric hydrate or limonite, in accordance with the fol- 
lowing reaction: 

4FeCOo+3H,0^2( )=2Fe,0. . 3H,0+4C(),. 

This reaction i* materiallv assisted bv a class of bacteria 
known as iron bacteria, which are unable to exist without the 
presence of certain chemical substances of which iron carbon- 
ate is chief. When the iron carbonate has been taken uj) by the 
bacteria, or ab.--orbed by them, it is oxidized and limonite is 
precipitated. Ordinarily, if the limonite remains wh(»re it is 
kept moist there is no furtluT alteration, but at ( r mKW Ww 
surface in arid r(»gions or in times of drought in humid rc^gions, 
it may be dehydrated more or 1(*hs and thus ]>ass into hematite. 

The larger jmrt cf the hi niatite found in sedimentary rocks 
is due prol>ably to segrc^gation sul)5ie(|uent to deposition. The 
ore originally wasi dislributeil through a much greater mass of 
rock and sulM^equently was concent rat(^d in some sjxmIiI laycT or 
layers. Fret]uently this conc(Mitration takes place simultaneous- 
ly with a replacement of original limestone d(»i>oi^its by th(» 
hematite. In these cashes the in^n comixuinds, wi(l(*Iy distrilmt(Ml 
throughout the rocks, are dissolve<l by ]>ercolating waters in 
the form of iron carbonate and transportc^l to otlu»r arenas. If 
at any point these waters come in contact with oth(»r solutions 
rich in oxidizing materials, hematit(\ mon^ or less hydrateil, 
may be pn»cipitated. The redaction is as follows: 

2FeC08+(>fwater = Fe,0,^2ro,^water. 
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In the case of the ferruginous deposits in the lower part of 
the Crab Orchard bed, below the Plum creek horizon, on the 
eastern side of the Cincinnati geanticline, in Kentucky, there 
is no doubt of a considerable concentration of the hematite and 
other ferruginous material subseiiuent to the deposition of the 
original limestone. At some Icjralities numerous fossil remains 
(;ccur in the ferrugimms material which originally, of course, 
consisted chiefly of calcium carbonate, but which at present 
aie leplaccHl, as a whole or in jxirt, by hematite or by hematite 
mixed mon^ or less with limonite and iron carbcmate. A micro- 
scopical (examination of the ferruginous rock reveals, moreover, 
that a large jmrt of the rock consists of the comminuted frag- 
ments of various bryozoans and shells more or less replaced by 
ferruginous material. AVhile a certain amount of precipitation 
( f ferioiginous material may have occurred at the time of deposi- 
tion of the original sediments, there Is no doubt that in their 
present form th(»se ferrugin(m« dej>osits are the result chiefly 
of concentration subwHiuent to deposition, accompanied by re- 
placement of the original limestone. 

All stages of conc(*ntration, between limestones slightly 
tinged with limonite, hematite, or iron carlM)nate and those in 
which the limi^Ktones have been replaced by sufficient of these 
materials to coui'titute ores, may be ol>served usually at the 
tjiame localitv. Tin* fernms carbonate in the rock \r due to re- 
placement of calcium carlK>nate and not to original deposition. 

The notable quantity of phosphoric acid recorded in the 
chemical analys<»s of these* ferruginous rocks also is due to con- 
centration sul>s(*<|uent to the deposition of the original lime- 
Ktones. This cjuantity is not large, but it is larger than in the 
non-f(»rruginous hu'crs. The phosphat<*s, as a rule, are dis- 
K(>lv(*d by p(*rcolating wat(Ts near the surface wIhtc the nn-ks 
are w(*athcring an<l are wnrregated at or just Inflow the U*vel 
of the ground wat(»r. This segregation occurs most frequently 
in limestones. It has b(H»n suggestinl tl.at this pn*oipitation is 
!)rought alnmt simply by th(» interchange of the liases in the 
pluisphates and carl)onate of lime thus; brought together. It 
may have r(»siilte<l als(^ from the lowering of the solvent power 
of the pcT<'olating water due to loss of carbon dioxide. This 
would take place whenev(T a part of the carl>on dioxide was 
used up in dissolving limestone or wlicn a part of the carbon 
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dioxide escaped from the ground waters due to re- 
lief of pressure ou approaching the surface of the ground. Tlie 
z<;ue of the deposition of phosphates frequently is also tin* zj ne 

of the removal of calcium carl>onate. It is closelv associatcsl 

* 

with the zone of wi^thering. This raises the question whether 
the bi^ginning of the period of dejwsition of the Crab Orchard 
bed may not have been a i)eriod of weathering of rocks in this 
and in cloely contiguous areas. The sudden introduction of 
Whitfidilclla Huhqiuuhata at and imme<liately above* the hori- 
zon with large crinoid Ix^ads, at the Aery l>as(* of the Crab 
Orchard l)ed suggests some* imi)ortant change* geogi'ai)hically. At 
this horizon the rock often is distinctly sandy. The tops of tlu* 
limestone layers frcNjuently are strongly wave-markcHl. Shallow 
water conditions, at least, appear to have i>revailetl. 

Finally, the magnesian content of the Silurian limestones 
deserves seme considcTation. The cpiantity of nuignc^sium car- 
bonate in the siK*cimens analyzed is not suflicient, in conjunc- 
tion with the calcium carbonate, to form anything lik(» a dolo- 
mite. Nevertheless, magnesium carlvonate is an important con- 
stituent of the rock. The source (;f this nuignesium is not or- 
ganic. In the shells and skeletons of marine animals the cpian- 
tity of nmgnesium carlH)nate usually is less than 1 per c(Mit. 
Magnesium (»arlH)nate is j)resent in sea water. It is pr(»sent in 
larger quantiti(*s than calcium carbonate, but the calcium car- 
bonate is largely taken up by si*a animals in the construction (^f 
their shells and other hard i)arts, while but little nmgn(»sium 
carbonat4» is used in this manncT. TndiT ordinarv conditions 
magnesium carl>onate precipitates much Ic^ss readily than cal- 
cium carbonate, and is thrown down from solution later than 
the latter. It is not known to occur as a chemical i)r(H-ipitat(* 
in sea water, which is far frcmi IxMug saturated with this sub- 
stance. JIagnesium carbonate, in consequence, does not appear 
as an important original constituc^nt of rocks. ll(»tfc(» the ap- 
pearance of any considerable^ quantity of magnesium carbnnat(^ 
in rocks suggests the ])r<»sence of the incMpic^nt stag(*s of d(il(j- 
mitization, or of the ]>artial rcqdacement of the calcium carhnn- 
ate of limestones by magnesium car])onat(\ Tllis magiu^sium 
carbonate is supposed to Ix* derivi^l from the* various magnoium 
cnntaininsf minerals of th(» older rocks, or frcnii tb(» more* or loss 
dolomitic limestones of latcT age. In the m(u*e concentrattMl 
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areas, cut oflf from the general circulation of the sea, doloiuiti- 
zaticn may take place cifntemporaneously with the deposition 
of limej^tones, but as a rule dolomitization is l)elieved to have 
taken place chiefly after the elevation of limestone deposits alxjve 
the level of the sea, when the circulation of percolating waters 
throughout its mass is certain to be greater. 

It has been nc^ticed that magnesian limestones are more 
abundant among the older rocks of the earth. It may be that 
in these cases didomitization has had a longer time to be oper- 
ative. It has Ix'en noticed also that magnt^sian limestones are 
more abundant in faulted areas, where circulating waters had 
better opportunities to bring the magnesium carbonate into solu- 
tion. In the case of the Silurian limestcmes of Kentuckv no 
investigations were made as to the origin of the magnesian 
content 

Nothing is known of the chemical composition of the Oldham 
lim(*ston(»s in the l(»wer part of tin* Crab Orcliard iK'd beyond the 
few notes on the moderatt^ly ferruginous* layers given in the 
earlier half of this bulletin. Several analvses have been made, 
however, by the present Survey, which give a fair idc^a of t-he 
general characteristics of the extensive layers of clay which 
form ^the major part of the (Yab Oreb.ard bed. 



C. SiLuuLVN Clays. 



1. Analysks. 



Most of the following analysers have b(»en made for the prof*- 
ent Survey, but several are aj^ixMidtMl which were made for the 
earlier surveys; as far as i* jm ssible f.om the information at 
haixl, the geological iMJsitions of the s;nui>l(»s coll(»cted by the 
latti r are indicated in accordance with the revised classification. 

25!>S. — Clay. From Panola, along Oldham branch, south- 
oast of the railroad stati(»n; Madison county. 

(t(*olo":ical iM^sition: Plum cre(»k clav. A five foot dav laver 
at the Iwise of the Crab Orchard bed, innnediatdy abtne the 
lirassfield or Clinton limc^stones. Coll(»ct(Ml by A. F. Foerst^, 
1904. 
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bt*<l is six or mure feet tiiic-k, and contains gvpsunL Locality: 
K-S-21. Prolwbly belongs to the Lulbegrud day division of the 
Crab Orcliard bed. 

(Jenerally in thin, soft, irregular laminae, of a light olive- 
gray c('h,r, irreguhirly varied with brownisli yellow or ochreous. 
It contains gypsum in irregular crystals between some of the 
lamina<\ It is quite plastic with water. Burns quite hard, to 
a handsome light brick color. 

Analysis, driinl at 212 degrees F. : 



Combined water, carbonic acid, and loss 5.871 

S::ica 48.780 

Alumina 17.320 

Iron lieroxide 3 . 240 

I.lme sulphate ?9.285 

MagHFsia 496 

Po:ash , 4.768 • 

Soda 240 

2170. — InduratiMl clay. From the farm of C. L. Searcy, near 
Elliston, w(»st of Waco one mile; Madison county. 

(reological positicm: Collecteil by John R. Procter and 
stat(Hl by him to occur lM*neath the Corniferous limestcme and to 
r.:rm a IkhI t(*n or mt)re f(*et thick, and to make good soil. At 
Wa<-() the base of the great mass of clays forming the upjK^r 
chiy of the Trab Orchard b(»d occurs b(4ow the Devonian lime- 
st<me. It nmy 1h» that the base of this ui)iH^r (Estill) clay is 
l>rescnt also on tin* S(*arcy farm, although (his clay is known to 
thin (mt (eastward. 

Analysis, ^amjdc^ dried at 212 degree's F. : 

ComVincd wat**r and ln-?s 4.147 

Silica 62.580 

Alumina 22.940 

Iron peroxide 3.760 

Lime 560 

Mapn .i-ia 425 

Potash 5.280 

Soda 308 

2r)0n. — Clay. From Panrla, at th(* railroad cut east of the 
station. 

(fcc^logical |>osition: From the ui)p(»r clay of the Crab 
Or<-hard ImmI, forming the main body of clays ( EstilU al>ov-» 
fhi» Waco horizon. CollectcMl bv A. F. F(u»rste, 1904. 



A 
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Analysis^ air-dried : 

Moisture 2.20 

Ignition (combined water, etc.) 7.80 

Silica 54.33 

Alumina 19.44 

Ferric oxide 5.00 

Lime" '. 1.88 

Magnesia 2 . 22 

Potash 5.15 

Soda 31 

Titanium dioxide 1.13 

Sulphur trioxide 39 

Total 99.85 

2fi01. — Clay. From Irvine, on the hillside northwest of the 
home of James F. Harris, one mile north of town; Estill eimnty. 

Geological position : The upper or chief Inidy (»f clay ( Kstill ) 

iu the Oab Orchard IhhI, ovcrlyinjji: the Waco horizon. Tin 

8[)ecimens analyzcnl were a mixture of clavs collect(»d Uelwev*:i 

twentv-seven and fiftv-seven feet alcove the two-foot laver of 
• • • 

limestone which forms the base of the Waco horizon. Collected 
by A. F. Foerste, 1904. 

Analysis, sample air-drieil: 

Moisture 2. 13 

Ignition (combined water, carbon dioxide, etc.) 7.26 

Silica 55.23 

Alumina 20.79 

Ferric oxide 4.4o 

Lime 1.51 

Magnesia 1.04 

Potash 4.9o 

Soda 41 

Titanium dioxide l.lfi 

Sulphates Trace 

Total 98 . 90 

2019. — Crab Orcharjl. At tin* (^xpo^urc^ souMi of tin* rojul- 
sidc well at the north end of tin* p'ounds bcloiiirin**: tn tlu* Crab 
Orchard Sprinj»s h(5t(»l, one* mile* north of the staticm, and a 
quarter of a mile south of Oix rivcT. 

Geolojarical position: Frnn the upi)er or chwf clay (Kstill) 
layer forming the jri'eater jmrt of the Crab Orchard ImmI. C(d- 
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lected from the upi)er part of the section, fifty-five feet thick. 
These chiys belon*;: alxne the Waco horizon. Collected by A. 
F. Foerste, 1904. 

Analysis, sample air-dried: 

Moisture , 1.69 

Ignition (combined water, carbon dioxide, etc.) 7.86 

Silica 54.48 

Alumina 18. 90 

Ferric oxide 5.64 

Lime 2.50 

Magnesia 1.71 

Potash 4.67 

Soda, traces lithia 38 

Titanium dioxide 1.12 

Sulphates and phosphates Traces 

Total 98.95 

2180. — Clay shale. On the road near Anderson Lake's 
house, three hnndrnl yards west of Drowning creek, two miles 
southwest of Panola, a mile and a half northwest of Comlxs. 

Geoloji:ical position: Collect(^l by John K. Procter, from 
the ^'Niajrara (inrnp." Either from the Lull>e<rrud clay di- 
vision of the Crab Orchard l)ed, or from the upp(»r clay (Estill) 
of this ImmI, alH)ve the AVaco limestones; probably the latte;\ 
Lo<ality, K-SE-21. 

An olive-«i:ray and brownish ji:ray, somewhat firm shale, mot- 
tle4l in parts, (^uite j>lastic with water when powdered. Cal- 
cines to a lijj:ht brick rulor. 

Analysis, dried at 212 dcjrrees F. : 

Combined water, carbonic acid, and loss 16.221 

Silica 42.300 

Alumina 20.840 

Iron peroxide 4.120 

Lime 13.320 

Magnesia 461 

Potash 2.387 

Soda 351 

Total 100. 000 
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2. Possible Uses of Silurian Clays fou the Manufactuul: 

OF Clay Pkoducts. 

If attention be eonfim>d to the chivj* inveh5tiij:at(*(l bv tlie 
writer, a considerable similarity in the cheniieal composition of 
the clays from the different horizons is noticed. The percentage 
of silica in these samples varies from 50 to 58 ik't c(»nt ; that of 
alumina, between 18 and 21 per c(*nt. ; that of ferric oxide, be- 
tween 4.5 to 5.5 IX r cent.; that of jMJtash, b(4wei»n 4.0 and 5.3 
per cent.; that of soda, betw(*en 0.3 and 0.4 per cent. The per- 
centage of lime and magnesia, however, is much more variabh*, 
ihe i)roportion of these substances being greatest in the case 
of the sample of Plum creek clay. 

These samples of clay were selected with special reference 
to their availability for commercial purposes. Considerable 
care was taken to s(»cure sampl(\s from localities when* large 
quantities of tln^e chiys were available and to sel(»ct the ma- 
terial in such a manner that an analvsis of tlie mixture would 
give a very fair idea of the general characteristics of the clay 
as they would apix^ar und(T or<liimry methods of manipulation. 

From these precixling analysi^s it is evident, of course, that 

tliev have no value as fire-da vs. Thev contain too much of 

t- • • 

each one of the fluxing materials: potash and soda, f(Tric oxide, 
and lime, and magnesia. On this account they melt at too low 
a temperature and h(»nce will not serve for brick intench^d to 
stand a high temptTature. 

They also have no value as stoneware clays, as tin* following 
tabl(», giving the range of the pi»rc(Mirage <:f th(* various ct^n- 
stitu(»nts of good tyi)ical stoneware clays, will show: 



Maximum 



' Averaare 

Minimum ; of eiffht 
analyses 



Silica TJ.IO 45.01^ G4.0S 

Alumina 3.S.24 i 1!).<8 23. SC 

Ferric oxide l..'>0 0.% 1.1:3 

Lime l.Ti^ '0.0^ o.TS 

Magnesia O.GS O.ll " 0.40 

Soda Tr.irp ' 0.0:» Tra.o 

Potash 2.42 O.r, 1.4S 

Oxide of lithium, with some soda »^.02 Tratf* Trace 

Titanium oxide 130 0.21» 0.40 

Water 14. SO 6.25 7.78 
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A comparison of the analj-ses of the Silurian clays with this 
table indicates that the Silurian clays contain too great a per- 
centage of Uuxes. In phue of a niaxiinuni of 2.4 per cent, of 
alkalies, as in good stoneware clays, the Silurian clays contain 
frcm 5 to 5.G i>er cent, of pj^tash and soda. In place of a max- 
inuini of 3.9 for the total quantity of ferric oxide, lime and mag- 
nesia, the Silurian clays contain Ix^tween 7 and 13 per cent. 

As far as may be d(*termined from the analysis th(^e Si- 
lurian davs should be almost ideal for the average run of vltri- 
fled wares. This is well bnmght out by the following table, 
which indicates the range of variation of the principal eonstitu- 
( nts in a number of clays which have been found to Ik* of value 
for these purjKJscs. 



Silica 

Alumina 

Ferric oxide 

Lime 

Magnesia 

Soda and potash 
Loss on ignition. 





Maximum 

1 


Minimum ■ 


Avermc* 




1 

..' 75.<:0 


1 

49.00 
11.00 

2.00 

0.20 

0.10 

1.00 

3.00 


56.00 




.. 25.t)0 


20.50 




1 

9.00 


6.70 




3 . 50 


1.20 




3.t.0 


1.40 




1 1 
5. CO 


3.70 




.. 13.00 


7.00 









In the Silurian clays hrre discussed, \]w pcrc(*nta*r<» of silica 
vai i(\< b<*tw(*<Mi 54 and 51) pi*r cint., (xcc])t in the case of the 
IMum crc(»k day, when* the jn'rp(;rti<:n of silica is nearly at a 
iiiininunn. Tin* p<»rcenta|Lre of aluniina varies betwivn 18 and 
21 ; that of fcTric oxide In^tween 4.5 and 5.5 per cent. The [rt- 
ccntajre of lime excc(*ils th(* niaxiniuin in the case of the Plum 
creek clay, but varies In^ween 0.0 and 2.5 ]><»r cent, in th(» other 
cases. The nia<:n(*sium also is in exce.^s in th(» case of the Plum 
creek clay. Th(* alkalie-s, j)otash and S(Kla, on th«^ contrary, are 
fairly hi;nh in the cas4» of all of the clays ( from 5 lo 5.r> per cent. ). 

(Mays of this descrij^tion are us(m1 frr sew(T pilM\ paving 
brick and other purjujses, when* th<» materials do not have to 
withstand hi«:h tem|M»rature. (Mays of this class should be fin<*- 
jLrraim»<l and plastic, and should vitrify at temperatures as luw 
as 2,130 to 2,210 dejLrr<»es F. On this account the clays should 
<M.ntain a considemble amount of fluxinji: materia)**. However, 
to i)revent complete fusi<ui, there shonld not 1m* much i>ota8ih 
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and soda, since in these case.^ there is freciuently too little differ- 
ence in temperature between the point of incipient fusion and 
that of complete fusion. The diffen»nce between these points 
should be about 150 to 200 dej!:rcH.*s F., in order that the 
articles made from the clay may be raised to th»i tt^mperature 
of incipient fusion or vitrification without any dan<i:er of the 
temperature rising sufficiently to approach complete fusion, 
which, of c(mrse, would cause tlie articles formed from the chiy 
to lose their shape, stick together, and bi»come altogether use- 
less. 

High-grade terra cotta work is now made from a mixture of 
fire-clays which burn to a buff color. The Silurian clays here 
under discussion are not fire-davs, and thev would not burn 
to a buff color. Clays containing 5 iK^r cent, or more of iron 
burn to a deep cherry-red, unlcs>s under-burned, in wliich case 
the resulting ware los(*» in strength, and in fact may be worth- 
less. There is no known reason, h'ow(»ver, wfiy the Silurian 
clays in question should not prove available fo^r the lower gi'ades 
of terra cotta. 

On account of their large percentage of ircm, these Silurian 
davs are nc^t available for the manufacture of v<'llow and buff 
brick. They should, however, make excellent bricks of the com- 
mon retl variety. I>rick clays should have a suffici(»nt pcTcent- 
age of fluxes to reach iucipic^nt fusion at a littb^ over 1,000 d(^ 
grees F., and should burn hard at a tcmi)erature not ov(*r 2,000 
degrees F. The Silurian clays here discussed have not lM»en 
tested as yet as to tluMr fusibility. It is probable that a good 
quality of pressed brick might be made out of these clays, but 
the color wcmld l)e d(M'i> red and the brick would not 1h» as hard 
as the pr(*ssed bricks made of more* r(»fractory matcTial. 

Thedav from th(» (\ L. S(»arev farm slinws a distinctlv higher 
• • • • 

pt^rcentage of silica, and a distinctly smaller per cent, of Y\\\\i\ 
mairnesia and iron than the clavs coll(Mt(Ml bv the writer. Tlu* 
clavs frr ni the Dr. Fn^eman and Andc^rscMi Lake localiti(»s are 
notable chi(*fly fc^r th(» large ciuantities of calcium which they 
contain. In the* case of th(» clav fnjui tin* Dr. Fre(^man localitv, 
the calcium is detcTmined in \\w {v.vm of calcium suli)hat4% indi- 
cating the i)res(»nce of considerable (piantities of gyyisum. 

TTie use of the Oab Orchard clays for the i)iirp(>*^» (;f manu- 
facturing artificial cenu^nts sheuld r(»ceiv(» further att(*ntij)n. 
At present many of these artificial cements enter the mark(4 
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under the name of Portland cements. Various materials* mav 
be used In the manufacture of these cemi^nts. Among these are 
marl mixed with clav, limestone mixed with clay, argillaceims 
limestone mixed with pure linu^tone, limt^ston? mixed with 
shale, limestone mixed with slag from iron furnaces, and clay 
mix«d with the calcarcHDus waste left from the manufacture of 
caustic soda. 

In order to give some idea of the sort of mixtures of lime- 
stone and clay that have proved to be of practical utility in the 
manufacture of Portland cements, the following analysi^s have 
IxM^n added. The first column in each table gives the ingredi- 
ents of the limestone entering into the mixture, the second col- 
umn giv<»s the ingredients in the clay use<l, and the third gives 
th<» composition of the finished product, the so-called Portland 
cem(»nt. 

Analyses of materials used bv the Catskill Cement Com- 
pany, at Smith's Landing, in (irwne county. New York, and 
published by the New York Survey: 



Silica 

Alumina 

Ferric oxide 

Lime 

>fagn€8ia 

Alkalis 

Sulphur trioxide. 



Limestone 


Clay 


Resulting 
cement 


1.54 ' 


61.92 


22.48 


.39 


16.58 


6.52 


1.04 j 


7.84 i 


4.46 


53.87 


2.01 


62.93 


.52 


1.58 
3.64 


1.48 


1 
• 


Trace 


1.30 



Th<* foUcwing analyses were published from an investigation 
rf materials used by the (ilen Falls Portland Cement Company, 
in Warren Countv, X<»w York: 



Limestono 



Clay 



Resultinc 
Cement 



Silica 3.30 

Alumina, ferric oxide ' 1.30 

Lime ' 52.15 

Magnesia 1 . 58 

Alkalis 

Sulphur trioxide ' .30 

Carbon dioxide ' 40.98 

Organic matter and water 8.37 



oo . 2 < 

28.15 

5.84 

1*> 



21.50 
10.50 
63.50 

1.80 
.40 

1.50 
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In the latter case th^.* limestone and day are dried and 
crashed separately. After beinjr weighed on automatic scali^s, 
the materials are niixcnl dry and redueed to line powder. Tliis 
pawder is then fed into wet mixers, where sufficient water is 
added to allow the mixture to be made up into bricks. The 
bricks are dried in tunnels heated by waste heat from the bolUn*, 
blowers being used to drive the lieat through the tunnels. After 
drying, the bricks are burned in kilns, and the clinkers resulting 
from the brick are rcH.luced to powder in mills constructed for 
this purpose. The powder is the finished product, the Portland 
cement. 

The essentials in the manufacture of Portland cements are 
lime and silica. The lime is furnished by limestone or marls, 
and the silica is furnished by the clay. In burning, the lime 
and silica unite so as to fonn the comi>ound SCaO.SiOo, called 
tricalcic silicate. This comi>ound, in large measure, sui>i)lies 
the hydraulic prop(»rties of the cements. The ideal Portland 
cement would con^-ist, therefore, (exclusively of tricalcic silicate, 
and would be composed entirely of lime and silica in the pro- 
portion of 73.r> per c(»nt. of limi* and 2<).4 i)ir cent, of silica. 

Such an ideal cement, howc^ver, can not Ix* prejiariHl at pres- 
ent under conditions such as to mak(* it a commercial product, 
since the heat riN[uired to cause ])ure lime and silica to unite 
can not be attaimnl in anv ccnumerciallv usc^ful kiln. In actual 
practice, therefcjre, it lM»coines niM-essary to scOtH't materials 
which, in addition to lime and silica, contain also othc^r ingnMli- 
ents which will serve as a flux. Th(» mcKst imjjortant of tlii^c^ 
ingredients are alumina and f(»rric oxid(% and wh(»n jM'c^sent in 
notable i)erc(»ntag(»s they Iowct the tcMuiMTatun^ at which lim(» 
and silica will combine to a consideral^le d(»gr(H\ However, a-* 
the percentage of alumina and f(Tric oxide incri^ases, the 
strength of the Portland cem(»nt decn^ases, so that considerable 
judgment must b(» us(m1 in tin* s(»l(»ction of matts'ials. 

In burning, th(» alumina is hc^lieved to combine with tin* linu^ 
so as to form di(nlcic aluminatc*, 2C\a().Si()o, and there is a 
possibility of a similar combination in the case (»f fovv'w oxidi\ 
forming the comiMUind 2C'aO.FeoO... Owing to tin* r<'lativ(»ly 
small percentage* of f(»rric oxide in the materials hsimI for Port- 
land cements, it may 1h» considered as producing abeut the* same 
effect as alumina, and the two may be calculatcMl together. 
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Owing to the n(»cessity of liaviug the fluxiug materials, alum- 
ina and ferric oxide, present, in addition to the lime and silica, 
the nec(*KKary elements of l*ortland cement, lK»fore burning, umy 
be ii'dul to be about 75 per cent, of carbonate of lime, and 20 
per cent, of silica, alumina, and iron taken together. The re^ 
maining 5 per cent, will include the magnesium carl)onate, al- 
kalies, and sulphur com])Ounds which may be present. Of the 
e^jfential ingredients, the lime is usually furnished by the lime- 
stone, while the silica, alumina, and ferric oxide are supplicnl 
by the clay. 

Some cf the impurities found in the unburned materials may 
h(* regarded as useful to the cement. One of these is calcium 
sulpliate, which, if present only in small quantities, retai^ds the 
set of the cement. Magnesium carbonate is an undesirable im- 
purity in tlie unburned mixture, and should form less than 3.5 
per cent, of the latter. 

For use as Portland cements the clavs sh<uild carrr not less 
tlian 55 \h'v cent, of silica, and preferably from r>0 t<) 70 per 
cent. The alumina and ferric oxide calculated together should 
n( t amount to more than (me-half of the percentage nf the silica. 
The value of the clay is greater in proportion a> the ratio of 

its ingredients approaches Al20a+Fe203=^^. The percentage 

of magnesia and alkalii*s slKmld l)e low, preferably not over 3 
per cent. 

Vunn thc»^e stat(»m(»nts it is sH»n that there is a oossibllitv 
of the uscfuln(»ss of the Crab Orchard clays for Portland cement, 
but that it^ us(»fuln(*ss can md Ih^ dctt^rmined deflnitelv until 
th(^ (M>mi)ositi<;n of the available linu^tcmes is kn<)wn, and the 
latt(*r has not vet be(*n determim*^!. 



3. The ilixEUAL Watkks and Salts of thi: Cn\i\ Orchard Bed. 

Prystals rf gyii^um are ci nimon a? ccTtain horizons in the 
Crab Orchard ImmI. Thcv are abundant in the Lulbegrud dav 
layer al(>ng the railroad southeast of Brassfield; also in the 
lower part of the upper or Estill clay of th<» Oab Orchard bed, 
alK)ve the Waco horizon, at Panola, north of Irvine, and at vari- 
ous (Jther localities. The crystal*^ ocvur in several forms. In 
a large numl>er of cases the crystals are elongated parallel to 
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the dini)-axis, protluciiif? long nejxative pyramid and elinopina- 
coid faces and sh(;rt unit prlhin face:^, which give the crystals 
a sort of prismatic aspect. In anotlier common fonn the crys- 
tals have a sort of eh)ngate tabnhir appearance. In this case 
the crystals sliow twinning, the orthopinacoid being the twin- 
ning plane. The broad, flat faces are formed by the two dino- 
pinacoids, while the two narrow faces on either side are formed 
by the unit prism fact^. At one end there ai*e four pyramid 
faces consisting of the two pairs of negative unit pyramid 
faces lK*longing to the twins. At the other end there is a corre- 
sponding re-entrant angle. 

In a third grr.up of crystals the gj'psum assumes the familiar 
swallow-tail firm of twins. In this case the orthopinacoid 
again is the twinning plane, but the greatcT part of the gi*owth 
of the crystal is lat(»ral, (^specially parallel to the clino-axis, 
rather than in the direction of the vertical axis. On the upper 
side of the twin the negative pyramid faces an* well develoi)ed ; 
on the otiier side the orthodome fa<*es, e, round off apparently 
into the lower ])yramid facets and thus form the peculiar re- 
entrant angle which givers rise to the swallcw-tail form. Some- 
times this twinning takes place alternat(»ly lirst towards the 
right and then toward the l(*ft, producing a sort of arlH)rescent 
or pagoda-like clust(T. In the se cases the elements of the cluster 
often have a more lenticular form. 

(Tyi>sum, or hydrmis calcium sul]»hate, is not the only sul- 
phate frund in the Crab Orchard clays. As a rul(% however, 
the other sulphates do not occur in sufticient (piantitii^ to slmw 
in an (mlinary analysis of the clays. In an analysis of the 
T'aters obtained from the clavs, on the* contrarv, st^me of thc^se 
sulphates are r(»adily det(Mt(»d, their ready s<;hibilitics causing 
them to form a much larger i)roiH»rtion of the* solids dissolved 
in the water than of the solids foniiing the* mixture of sulh 
fetanc(^ called clay. Among these suli>liaics is hydrous mag- 
nesium sulphate, also called (»])sijmite or Eps(;m salt. This is 
a common substance in mineral waters. In the solid fonn it 
oft<»n occurs in mines and cav(»s as d(»licate fibrous coatings 
on the walls or as minute crystals mingled with the earth on the 
floors of th<*se underground i)assag(*s. In Mammoth ("avc* it 
adheres to the reef of the cavern in loos<* mass(»s likt^ snow 
balls. It is very s<jluble in water. At 32° F. one hundred parts 
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of water dissolve 25.76 parts of anliydrous sulphate and .205 
partin for ev(*ry additional de^o'^n? rise in temi>erature. It has 
a rather disajrreeahle taste and is at the same time salty and 
bitter. It possesses piir<i:ative i.Toperties and occurs in the min- 
eral waters cf w(»lls such as those of Ei)Som, in England, and 
Sedlitz, in Bohc^uia. 

Anotlier common inj^redient of the waters obtained from the 
Crab Orchard clays is hydrous sodium sulphate or Glaul>er 
salt. Tliis also is very soluble in wat(*r. One liundred parts 
of water at 32° F. will dissolve 12 parts of sodium sulphate, and 
at alxmt (>5° F. will dissolve alnmt twice this quantity. The 
solution has a rather disiijrreeable, salty and bitter taste. It 
is well known as a purg:ative. 

Potassium sulphate is much l(*ss soluble in water, only 11.5 
parts bein^ taken up by 100 parts of water at G5° F. It occurs 
in the waters of the Crab Orchard clays only in small quanti- 
ties. Sodium chloride also occurs only in small (piantities, es- 
IKM'ially wh(*n its ready solubility is considennl, on(» part of salt 
diss<jlvin*j: in alxnit 2.7 parts of water at almost any ordinary 
temp(»rature. 

The sprin^rs issuin<j frcmi the Crab Orchard clays sometimes 
contain a sufficient (piantity of salts in solution to Ik^ known 
as lich's. This name dates kick to the earlv history of the State 
of Kentucky, wh(»n h(»rds of buffalo and d(»er still roamwi 
thr(m«::h Kentucky fon*sts and visitcMl th(*se s])rinp:s in larjje 
numb(*i*s. A larj»e numlKT of the small(*r streams ori^rinatinj? 
amonji: the Crab Orchard clays are still known as lirks, the name 
often havin^r lM»(»n used n<.t only for the s])rin<::s but also for 
the streams f(»d by the spring. The (piantity (>f mincTal matter 
carri(Ml in solution vari<Ml, of cours(\ in different si)rinjr*. Amon^ 
the sprinjrs or wells carryini:: the jrreatest quantity of majrii<*- 
sium sulphate and sodium sulphate in solutitni may be men- 
tioned the Epsom W(»ll alH?ut a mile noHh < f Crab Orchard 
Sprinj:s, on the western sid(» rf the Lancast(»r ])ik(*; the F4)Iey 
well about half a mile northeast of Crab Orchard, cm the Fall 
Lick road, two or three hundnvl yards b(\vond the* c(»m(»t(*ry; and 
the S<)wd(*r w(»ll, half a mib* northw(»st ef tin* Epsom w(*Il, alonjr 
the road leavinij the* Lancaster pik(» a shtjrt distance south of 
the l>ix river ]>rid«i:e. Analysers of the wat(»rs from these wells 
are jriven Ik*1ow. 
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Number of uialysis • 
HmmtH^ well .... 



535 
Epaom 




Silica .060 

Iron carbonate ■ Trace 

Lime carbonate ; . 673 

Magnesia carbonate .116 

Lime sulphate .203 

Magnesia sulphate i 3.454 

Potash sulphate .067 



Soda sulphate . . . 
Sodium chloride. 



.774 

.081 



.056 

Trace 

.912 

,131 

.185 

3.520 

.170 

1.013 

504 



2{ 



588 
Sowder 



.021 

Trace 
.506 
.375 

1.566 

2.989 
.298 
.398 

1.000 



The medicinal virtu(»s of the wati rs issiiliur from th(» springs 
or lieki? soon b(came recojinized. At an (arlv (hite the \vat(*rs 
were evaporated and the ingredients, in a solid state, were sold 
under the name* of mits, these from Crab Orchard enjoying a 
special celebrity.' Their first mannfactnre dates frcm ISiMJ, 
when a Mr. Keuben Dollins lixiviated the earth dtTivcMl from 
the Crab Orchainl clays, and bidhMl the solntion obtaiiicHl until 
the salts were tlirown down. These were kept at the bar at 
the old Davenport hotel, in Crab Orchard, and sold at twcdve 
and one-half cents a dose. Dollins afterwards lioiled down the 
water from a spring. The manufacture^ of these salts, in the 
course of time, bi came a profitable busim^ss. It was carri(Ml 
on at all seasons of the y(»ar and gave (»mi>loyment to a number 
of families, who obtaincul iholr entire living from this industry. 
The salts became an article of trade and w(*re used as nusliciiK* 
all over the country, (^specially in the ^lis-issij)])! vall(\v. It 
is interesting in this connection to note that at <ni(» tim(» they 
had quite a reputatirn in the treatnuMit of yc^Uow fevc^r, a 
groping in the dark f(ir a rennMly for this t(»rrible scourge. 

At a later time more concentrat(Hl solutii ns of th(*s(^ salts 
were obtained bv digiring pits into the clav. Tin <e wen* usuallv 
thr(»e to four feet wide, six to tw(*lve feet long, and six to twc^lve 
feet deep. Generally the walls w(*re planked up and tlii* w(»lls 
were covered in or<ler to pr(*v(*nt the dilution of the wat(»r scarp- 
ing into the wells by entcTing rain. Wat<T se<»ping through 
the clay became imprejaiated with the salty nuit(»rials in th(» 
f^hales, but on entering the pits w(»r(* (^x])osed to evaporation 
which resultnl in a considerable concentration of the water in 
the well or pit l>efore it was subjected to boiling. The wat<*r 
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was evaporatod in hxvgv^ iron kettles ur pans over wikxI tires. 
\> hen the large part of the water had been removed, the tinal 
sta«j[:i*s of evaporation were completed in smaller kettles over 
slower fire. The residue ai>iH'areil very mueh like a mixture of 
coarse brown and white su«j::ar. In the best brands, the sjilts 
were ground so as to give them a blotter api)earance. From 
twenty to fifty gallons of water were n^cpiired to make one 
pcmnd of salt. These salts in the earlier stages of this industry* 
brimght as much as one dollar a pound, but at the time when 
Linney wrot.* his report on Lincoln ccmnty, in 1882, they sold 
for only fiftcc^n cents per ixmnd. 

The following are analyses of two samples of salts as thev 
M'ere otT(»red for sale by druggists in Louisville in earlier days, 
when this was still a thriving business. 

1S74. Crab Orchard Sjirings siilts. Eva[)orated fnmi the 
water secured at various springs. 

1S73. Crab Orchard Springs salts. Evaporated from water 
s(Hurcd from various springs. 

Analvsis. Dried at 212° P.: 



No. 1874 



Nal875 



Water of crystallization and loss 23.421 

Silica 124 

Iron peroxide .078 

Lime carbonate ' .032 

Magnesia carbonate ' .089 

Lime sulphate 2.149 

Magnesia sulphate 54.842 

Potash sulphate ' 2.707 

Soda sulphate. ' 13.566 

Sodium chloride 2 . 954 

Lithia sulphat? 038 



24.402 

.118 

.028 

.018 

.036 

1.795 

60.627 

2.814 

8.260 

1.874 

.028 



Thearui frcm which these Crab Orchard salts wer(» obtaincMl 
centered chit^fly abinit Crab Orchard. Wells were openited as 
far w(*st as ("eilar cn^ek, as far ni^rth as th(* Dix riv<T, and up 
th(» Dix riv<T valley, i^i\>'i of Crab Orchard, as far as the Crab 
Orchard clay IhhI was (*xpos<Ml. In all of th(*s<^ cas(*s, as far as 
kn<)wn, tlu^w* w<»lls or [dts were opencMl in the great series of 
clays fonnin/r the npper iKirt of tlie Crab Orchard Ih^, above the 
Waco horizon. 
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Similar mineral waters^ however, occur also in tlie Lull>e- 
gnid layer, for instance at Kiddville, in (Mark county. An 
analysis of the water of the Ejisom w(»Il at Kiddville is here 
app<*nd(*d. It was an ordinary wallcnl well at first, but after- 
ward was enlarjjed so as to produce a pit 10 fe(»t in diameter. 
For some rt*ason this spoiled the well and operations were dis- 
continued. 

2471. — Magnesium mineral water. From a well at Kidd- 
ville, on the property of J. E. Groves. Collected by W. M. 
Linney, July, 1884. 

Analysis. In 1000 parts ( f water. 

Iron and manganese carbonates 0024 

Lime carbonate 3740 

Magnesia carbonate 0191 

Lime sulphate 3.2610 

Magnesia sulphate 4 . 7776 

Potash sulphate 0490 

Soda sulphate 7118 

Sodium chloride 2120 

Lithium chloride 0130 

Silica OlOM 

Total saline matter 9.4299 

The manuractur<» of Crab Orchard salts has j^ractically couu* 
to an end. Its history, at present, is (>f int(T(^st chicHy in in- 
dicating the charactcT of some of the in<;redients of t\w clays 
not brought imt hv ordinary chemical analyses. Th<^ ori<rin of 
these salts in the Crab Orchard clays has not been inyesti^ratrd. 
It is difficult to conceiye of them as precipitates from the ^i^a 
during the deposition of the clays. The ]>rop(U'tion in \yhi(li 
the various in{n'<'<li<*nts occur is so utterly diff(»r(»nt from tlu* 
latios of their occurrence* in the sea. The follo^yinJ; table, show- 
ing the proi>oHi(jn (jf tlu* yarious in*rredi(»nts dissolv(»d in sia 
H'ater and obtaimMl by (mlinary evaporation of th(» lattiT Aviil 
illustrate* this dilTcn^nce. 

Chloride of sodium 77 . 7.^S 

Chloride of magnesium lo.S78 

Sulphate of magnesium 4 , 737 

Sulphate of lime .'^.600 

Sulphate of potash 2 . 46.") 

Bromide of magnesium 217 

Carbonate of calcium • 345 
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For the present it is desired merely to call attention to the 
fact that these Crab Orchard clays, where imi>regnated with 
considerable quantities of Epsom and Glauber salts, occur below 
or in the vicinity of ":reat masses of Devonian black shale which 
often contain consicUrable quantities of iron pyrites. The de- 
comi>o>ition of the iron pyrites often results in the production 
of various sulphates, and i)ossibly some of the sulphates in the 
Crab Orchard clays may directly or indirectly have had this 
source. 

The Crab Orchard clavs mav be traced northward into Ohio. 

c « 

lI(Te th( V were id(*ntified bv Prcfcssor Orton as the !Nla<Kira 
."hah^s. In Ili^rhland county this shale, according U^ the analysis 
of Profesf^()r Wonnlev, is much more siliceous than the Crab 
Orchard clay; still farther northward in Ohio, however, the 
Niagara shale is replaced by a S(»ries of thin shaly fragile 
course s of limestone in which lime and magnc^sia carbonate pre- 
d(;minat<* greatly. Analysers from these localiti(»s are added. 



Silica 

Alumina and iron. . 

Lime silicate 

Lime carbonate 

Magnesia carbonate 

Water combined... 

Total 



Highland 
county 


Grocno 
coanty 


78.00 


12.21 


3.20 


8.40 




8.48 


11.40 


34.42 


6.50 


30.87 




5.40 


99.10 


99.78 



4. SiLrm.vx Limestones Aiuak the Trab Orciiaud Horizon. 



In Ohio, the Ningara shalefj, stratigraphically etpiivalent 
to the Crab Orchard clays, are overlaid by magnesian lime- 
stomps known as the Springfield and Tedarville limestones. 
TlH»se are followed by the Hillsl>or() sandstone, after which 
th(»r(» is another series of magnc^sian limostonc^, the Greenfield 
c.-r ^lonro(» bcnl. Analys* s ()f th<»se rocks as they occur at Hills* 
boro and (irei^nficld are appended. 
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SpriDfffleld 
limestone 


Cedarvilie 
limestone 


Hillsboro 
limestone 


Greenfield 
limestone 


Silica 

Alumina and iron 


13.30 

2.00 

35.51 

49.87 


.40 

. 1.80 

54.25 

43.23 


94.10 
3.60 
1.30 

.39 

1 
\ 


1.00 
1.30 


Lime carbonate 


53.67 


Magnesia carbonate | 

Silicates of lime and magnesia. 


42.42 
1.44 



Silurian limestoius orcnr abovo tlu* Crab Orrliard clavs 
north of the lacking riv(»i' in Flcminjj: ami hiwis ccmnlii^s. Thcsj 
limestones have n(;t bein stmlied witli suttieient care to ih^ter- 
mine their stratiji:rai)hieal (*<iuival(»U( y with tlu* Ohio divisiiuis, 
but tlie followiiij^ analysis, taken pn^snmably from the lar«::e 
exposun^s alonji: the river at Vancebur*::, is i)ri bably of Silurian 
age and is tentatively referred to the (ireentield or Monroe bed 
in the Upper Silurian. 

2484. — Limestone. Prolmbly from the nei<j:b-i>orhood of 
Vaneeburjr. (ieol(:«»ieal iH)sitioii: Probably fr(mi the (ircMMiliidd 
lH*d at the top of the Silurian, at Vaficebur*!:. S(*nt to Jolm II. 
Procter bv W. J. Hicliason, of Vanceburii. 

A dull-p*ay, line-«»ranuhir roek, with faint lini*s of stratiti- 
cati4)n. 

Analysis. Air-dried. 

Moisture and loss 547 

Insoluble silica and silicates S. S^O 

Soluble silica 1 . 150 

Alumina and iron oxide 2 . 490 

Phosphoric acid (P.O.) 143 

Lime carbonate 4S. 790=27.322 lime. 

Magnesia carbonate 37. 482=17. SH4 magnesia. 

Potash 491) 

Soda "'8 



Total 10 ) . LOO 

Tlu* fidlowinjr annlyvj^; a])p(»ars tc W fniii aiiothrr Silurian 
locality, not visited. Juduin^ from th(* b caticn of thi-; lim<*- 
stone in L<»wis eounty, four mib^ from (larksluir;^, the* lurizon 
should l>e inunediately ab(;v(* th(» Crab Orchard i lay. 

10Sr>. — Yellow majrn(»sian lim(^t(uu\ Silurian. Salt Lick 
crcH'k, fcmr miles above Tlarksbur*:, n(*ar Vall(\v, Lewis cininty. 
Brownish buflf porous limestone, full of fossil casts. Exrerii;r 
TOrfare soft, so as to l>e scratcluMl by a nail. 
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Geological position: Probably Silurian, above the Crab 
Orcliard shale horizon. 

Water and loss .* 1 . 428 

Silica and insoluble silicates 2.580 

Alumina, oxides of iron and manganese 12.280 

Phosphoric acid 207 

Sulphuric acid 152 

Lime carbonate 55 . 240 

Magnesia carbonate. 27.820 

Potash 167 

Soda 126 



The Chemical Characteristics of the Devonian Rocks of 
Kentucky, East of the Cincinnati Geanticline. 

A. Dkvoniax LiMixroxEs. 

1. CiiEMKAL Analyses. 

Th<» TVvrnian liniestc.ni* has imt biHMi traced north of the 
Lirkiiiji: riv(»r. Tlu f;>ll(:\vin,i:: analysis of a IhmI of limestone 
iniiiK (liatcly beneath th(* Devonian hla(*k shale, near Olympian 
S];rinj»s, in Bath eonnty, prt bahly repr(»sent,s the rharaeteristies 
of riK* of the mo^-t northern exptjsure^ (jf th(» Devonian limestone 
in the State. 

lOSO. — Femijrinons ^fajrnesian Limestone, out of whieh 
flows the Chalybeate Spring, and whieh forms the bed of the 
(MialylM»ate Branch, alwmt half a mile north of OlymjHan 
Sprinji:?*. 

(leolo^ical pesiti(»n: It lies imnunliately under Devonian 
Black shale, and prc^bably repn^sents the Devonian linu^ntone. 
Collected by Bobert Peter. 

A cristalline-crrannlar limestone; jrray, of various tints, in 
the interior jrf»n(»rally li<rht frray; light femiRinons or brownish- 
ochn (US (^n th(» exterior. 
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Analvsis. Dried at 212° F. : 

Silica 280 

Iron carbonate 11 . 532 

Phosphoric acid 006 

Lime carbonate J>4 . 000 

Magnesia carbonate 34 . 027 

Potash 143 

Soda 040 



Total 100.023 

III various parts of riark and Madison oounti(*s, and v\on 
a« far wi*st as Boyle county, tlni(» is a layer at the base* of the 
Devonian limestone wliicli contains tisli -plates and fish t(»i*th. 
This was correlated by the f(»Tin(T <::ei lo^^ical sniTey of Kcmi- 
tnckv with the Oriskanv. Thev arc* here includtxl in the *I)(»- 
vonian peri(»s of linn^stones, occurring at th(*ir Imse. ()win<^ to 
the presence of these tish remains, this thin laycT of rock some- 
times is rich in phosphoric acid, as the followin*;; analyst's will 
show. It is the Kilhlvilh* laver. 

2469. — IMiosphatic rock. St(»wart Mill, Lulbe.irnid creek, 
Clark county. About a mile and a (piarter northeast of Indian 
Fields. 

Geological position: I-ayer with fi-h remains, at base of th(» 
Devonian limestone. Collected by W. M. Linney, July, 1SS4. 

A dark, brown-p:ray, conjilouuratt* reck, c( ntaining many 
dark-c(jlored fraj^nu^nts of fossil orjjanic rcMuains'. 

2470. — Phcjsphatic rcM-k. From near Howard cr(M»k, Clark 
countv. Probablv west of Indian Fi(»lds. 

Gt»ol<)}fi<'al p<isiti()n : Base of the Devonian Limestone. Tol- 
lectfHl bv W. M. Linncv, Julv, 1SS4. 

An impure, fen'u^rinous limt^stone rock; gray-bnrwn, with 
(>chrHms matc^rial in spcits; contains fossil impressions. 

Analyses. Air-dried s:im])l( s. 



I 



No. 24r)9 No 2470 



Siliceous residue insoluble In acids 27.r>S0 i 31.720 

Alumina and iron oxide not estimated 

Phosphoric acid (P.O.) 

Lime carbonate 

Magnesia carbonate 

Potash 

Soda 



9.710 


' 1.842 


21.HS0 


33.980 


S.O.'o 


' 11.185 


.830 


not estimated 


. 228 


not estimated 
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I^ess than a mile from Stuart's mill, down Lulbegrud creek, 
is tlte Oil Spring, once a famous water resort. The following 
i^nalysis is taken prol>ahly from a rock belonging to the top of 
the J)ev( nian limcstiine at this loealitv. The dull buff color 
is V( ry characteri?^tic of the Duffin layer at this exposure. 

SSi). — Kock with oil at base of Black shale, at the Oil Spring, 
about a mile east of Indian Fields, Clark county. A dark gray 
limestone with cavities limnl with calcare<ms spar and im- 
pr(*gnated with fluid bitumen. Weathered on the surface to a 
dull luiff color. 

Geological position: Probably the breceiat(Hl or Duffln 
layer, at the top of the Dtnouian limestone. 

Bituminous matter, water, and loss 7.092 

Silica and insoluble silicates 2.480 

Alumina, oxides of iron and manganese 11.260 

Phosphoric acid 438 

Lime carbonate ^. 56 . 76 

Magnesium carbonate 21 .202 

Sulphuric acid 372 

Potash 193 

Soda 103 

Th(» following analyses w(»re taken apparently from the 
base* cf th(» l)(»viniian limestont*, and from the upper part i>f 
this limestones b<»low the Duflfin or brecciattnl laver. ' 

2197. — Limestone, prc^lmbly from the vicinity of Elliston, 
but locality not mentioned. 

(i(»ological position: From Inflow the Cauda-galli horizon, 
at th(» bas(^ of the Corniferous limest<me. r(>llecteil by Jidin 
I{. Procter. 

A fine granular, brownish-gray rock. It gives the odor of 
petroleum \\]wi\ hcatiMl, and prolyl bly owes its brownish tint 
to a snmll (plant ity of this substance. 

2109. — Tmjmrc lim(»ston<*. Probably from the vicinity of 
Ellistoii, but tin* b rality is not mi^ntioned. 

(fcolrgical iM>sition: Top (;f the ('ornif(»r( us limestone. 
Total thiekness tifteen feet, with int(»rcalated ImmIs of purer lime- 
stone six inch(*s thick. 

A tough, fine granular or compact rock. Samples from dif- 
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ferent levels are mixed ; srome rw browuisli-bhuk, seme umber 
colored, and some iutermediate in tint. 

Analvsc>\ Dried at 212' F.: 



No. 2197 



No. 2199 



Bitumeiip water, and loss 11 . 287 

Potash i .770 

Soda ' .149 

Siliceous residue 

Lime carbonate 

Masnesia carbonate 

Alumina and phosphoric acid 

Iron peroxide 

Total 

Percentage of lime 

Percentage of magnesia 



1 
i- 
J 



7.339 



22 . 680 


31.990 


43.060 


36.580 


9.994 


18.541 


9.420 


4.010 


.1 2.640 


1.540 






. 1 100.000 


100.000 


1 r 




. 24.113 


20.485 


.1 4.756 


8.781 


1 





The only Imildin;^ stone* known at the* locality, from which 
the following analysis was taken, is of Devonian age. 

947. — Building stone. Five miles from Ir^'ine, cm the* liich- 
mcind pike, Estill county. Dark gray, fine grained fimestonc*, 
with many small s<-ales of mica. 

(h^dogical position: Proluibly Devonian limc^stone. 

Silica ami insoluble silicates 18.680 

Alumina 806 

Iron oxide 2.360 

Iron carbonate 4,321 

^langanese, brown oxi le 480 

Phosphoric acid 374 

Sulphuric acid 1 .471 

Lime carbonate 41.380 

Magnesium carbona:e 30.ol9 

Potash 482 

Soda 019 



A cartful studv (f the* Dnouian limcyt< n(» has bcj n ni!id(» 
by the present survey at only one locality, at Duftin's cut, half 
;i mile north of Junction City, on the (2ue(Mi jmd rrcsc(»nt rail- 
road. Three sampler were analyz(»d : One from tlu» haw* of the 
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Devonian, one from the clierty part alKAe tl)e middle of the sec- 
tion, and one from the brecciated or Duffln layer. 

2(529. — I)(^vonian limestone, lower 2 feet of section. A com- 
pact light jjray limestone. The {greater part of the sulphur is 
(lerivwl frcm iron pyrites. This limestone would probably make 
natural cement, as its analysis is very like that of the Louis- 
ville cement rock. Collected by Aujj;. F. Foerste, at DuflBn cut, 
half a mile north of Junction (Mtv, Bo vie count v. 

This limestone is overlaid by dense white limestone, 2 feet 
thick; l)aldly weatheretl limestone, 4 inches thick, quite foasil- 
iferous; dense bluish white limestone, 2 feet 4 inches thick, 
d(»nse bluish white limestone, 6 inches thick; and dense whitish 
limrstonc* with considerable chert, 4 f(*et 8 inches thick. Of 
th(» last named part of the section the following analysis was 
taken. 

2(530. — Devonian limestone, from the chert part of the sec- 
tion, at Duflin cut. The greater part of the sulphur is in the 
f<»rm of iron pyrit^^s, and the iron is mostly in the ferrcms con- 
dition, although calculates! as ferric oxide in the following state- 
ment of nsults. 

AlK)ve this cherty limestone there is a dark gray rock, fi to 
S fe(*t thick, oft(»n having a s(?rt of brecciated app<»arance. This 
is the DuflBn layer and the analysis is given last. 

2(531. — Brecciated or Duftin layer. A dark gray stone with 
light, softcT patches, giving it a brecciateil appearance. It also 
contains some chert in small imlKH^ld(»d masses. The greater 
I>art if th(» suli>hur is in the form of iron pyrites. For *H*pa- 
rate analys(*s of the white* and dark gray ])arts of this sample 
s('(» analysc^^ No. 2(532 and 2(533 Inflow. Collectc^d at DuflRn cut, 
half a mile north of Junction Citv, bv A. F. Foerste, 1904. 
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Analyses. Air-dried samples. Devonian Linic^stones. 



Base 

No. 2629 



Cherty layer 
No. 2630 



Duffin layer 
No. 2631 



Moisture 

Ie;iiitlon (combined water, volatile 

matter, and carbon dioxide 

SiUca 

Alumina 

Ferric oxide 

Lime 

Magnesia 

Potash, soda, and lithia 

Phosphorus pentoxide 

Sulphur trioxide 



Total 



.14 

35.46 

20.<>2 

3.23 

1.36 

24.06 

14.62 

Traces 

.37 

1.06 

100.32 



.09 

44.79 

2.14 

1.24 

2.34 

31.96 

17.84 

Traces 

.06 

.4") 



.06 

41.92 

7.74 

2.73 

2.04 

29.66 

14.65 

Traces 

.09 

.51 



10iJ.91 



99.40 



Sulphur calculated from the sulphur 
trioxide 

Iron pyrites equivalent to total sul- 
phur 



.42 
.79 



IS 



'^4 



:o 



ns 



As a means of eoinjiarinji: t\u whit(» e()ni]Mjnent of the DiilTin 
layer with the dark j»:ray ei.nii)t)nent, the* followin<i: analysers ar(» 
added. The white color is found in the small more or l(»ss aii- 
{SMhw lilot<lies whieh j^ive the* bn eciated aijpearauce to tin* rock. 
Tlie dark ^ray color is charactiTistie of the lujdy of the rock, 
aside from the small li«;ht colored blotches just mentioned. 

2032. — The whit(» component of the Brecciated nr Duffin 
laver, obtained by cnrefullv breakinsj: it out from the* <ri'av bodv 
<»f the rock. Tlu^ white part apinnired to c(uistituti* only about 
a fourth of the original rock. It was S(»paratcd iu a fair state 
f»f purity. The «;reater part of the sulphur is in Mm* form of 
iron pyrites, and the \vr.i\ is in the ftTrcms condition. This 
analysis r(*sembles No. 2i\W rath(T closely. roUcM-ted at Duffin 
cut, north of Junction Tity, Boyle c(mnty, by A. F. Foi^ste, in 
1904. 

2(533. — The dark ^lay com]>onent of the brecciated liiue*«tiin<» 
or Duffin layer, (»xclusiye of the chert, obtain(»d by can^fully 
breaking it out. It was found impossibb* to sc»i>arat(» tlu* ;zray 
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oiitirely from the white. The greater part of the sulphur is in 
lilt* form of iron pyrites and the iron is in the ferrcms condi- 
tion. From Duffin cut, eolleited by A. F. Foerste, in 1005. 
Analyses of components of Duffin rock. Air dried: 



White 
blotches 
Na26S2 



Darkerray 

bodyofrock 

N0.26SS 



.05 



Moisture , 

Ignition (combined water, volatile matter and carbon 

dioxide 

Silica •. 

Alumina 

Ferric oxide 

Lime ' 31 . 04 

Magnesia j 17.22 

Potash, soda, and lithia Traces 

Phosphorus pentoxide ' .06 



44.42 

3.18 

.76 

3.62 



Sulphur trioxide ' 



26 



Total ; 100.61 



.08 

42.46 

6.86 

1.40 

2.94 

29.58 

16.25 

.39 

.08 

.66 

100.70 



Sulphur calculated from the sulphur trioxide 
Iron pyrites equivalent to the sulphur 



.10 
.19 



.26 
.50 



It is evident from the precedin*:: analyses that the Duflin 
layer c^msists of a very typical dolomite, the ideal dolomite con- 
sist in«r of 30.4 ]HT (M»nt. <^f lime and 21.7 per cent, of ma}]:ne4ia. 
In the field, the* "Duffin lay(»r often has a d(»ep brown color and 
app(»ars to be full of small anjifuhir frajrni<*iits, chiefly less than 
half an inch in diamettT. It then resembles a volcanic ash 
or tutr, but the chemical analysis is entirely a{?ainst such an 
(Ti«iin. The cause of the breccia ted apix^arance has not been 
determined. 

At some localities the Duffin layer appears to form a part 
of the D(»v(mian black shab» s(»ries; at other localities true 
limestones occur at horizons thirte(»n to t\v(»nty feet above the 
hase of the black shale. Sov(*ral analyses made under the pre- 
ccHlinji: survey are adde<l Iktc, owin^ to the [>ossibility of their 
atTrrdin*r a <'lue to some one* iut(»n»st<Ml in some special line of 
inv(»sti«»ation. Tlu* pr(»cisf» horizim from which the rocks an- 
alyzcMl w(»re obtaine<l is not known, but is sufficiently indi- 
cated to afford a clue as to their probiible location. 
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2198. — Bituminous limestone, from near Elliston. 

Geological iK)sition : From above the Corniferouf* limestone. 
Bed, three to t^n f(^t thick. CoUectixl by John K. Procter. 
Possibly the brecciated appearing limestone or Duffin layer. 

Generally of a dull, brownish-black color. Some pieces with 
bands of a lighter gi'ay tint. It is a fine granular rock. 

2200. — Limestone, on the road one mile south of Mrs. Susan 
Jane Embry. A little ov(»r two miles simth of Wa(*o, on the 
I'oad to Brassfield, a lane turns off westward from the road and 
then angles off irn^gularly toward Searcy station; a short dis- 
tance westward along this lane ilrw. Embry used to live. 

Geological position: IntercalatcMl with the sc^-callcd Hhick 
band cr bituminous limestone. Colh^cted bv John K. Proctc^r. 
Pohsiblv the brecciated laver or Diiftin lavcT. 

A dull buff-gi'ay, fine granular r(;ck, with scmu^ little infiltra- 
tion of hydrated iron oxide. 

Analvscs. Dried at 212** F. : 



Water and loss 

Bitumen, water, and loss, potash and soda 

Siliceous residue 

Alumina and phosphoric acid 

Iron peroxide 

Lime carbonate 

Magnesia carbonate 



Nq. 2198 



No. 2200 





6.117 


13.022 


not estimated 


1:0. 990 


• 18.190 


9.040 
1.890 


I 10.980 


41.150 


47.580 


13.908 


17.133 



Total 



Percentage of lime 

r*ercentage of magnesia 



1(10.000 

23.044 
6.384 



100.000 



26.^45 



SS8. — Lini(»st(rn(». From the base of the Black slate srric^s, 
in riark county. The dense* c^alcarcMnis portion of th<* ^ray 
hlark slate. Found also in iladis<ni, Bath, Powell, Est ill (M»un- 
tiea 

Geological position : Possibly th(* brecciated or Duffin layer. 
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this comparatively small secticii of liinostone is likely to b> 
cntin^lv t<>o oherty to be of use eomiii(»niallv. Loeallv, how- 
^ver, ccnsiderable scH-tirns are known which are coniparativc^ly 
trei' from eliert. Seme of the hcalities near Elliston, and others 
aseveral miles ncrtheast of \Vaco, in Madison county, are known 
tciL be comparatively free from chert and yet to show abmi^ 
twenty feet of rock which might be commercially available. 
Other localities exist near Crab Orchard, and several of these 
«ro very favorablv situated a*s rejjards railroad facilities. Xo 
chemical analvses have l>een made so far however. 

Under the term natural cenu^nts a great variety of cements 
.are included. In tlie manufacture of natural cements no at- 
tempt is made to remedy any of the defects of th(» natural rock. 
"There is no mixture of materials, but whatever rock is selected 
'Mot manufacture is burn(»d without mixing or preliminary grind: 
ing. As in the case of Portland cement^ the essential elements 
^sigain are the lime, silica, alumina, and ferric oxide, but the 
xock is always burned at a Iowit temiKTature than Portland 
cements, the mass of the rock in the kiln is never hot enough 
to even ai>proach the fusing or clinkering point which is (es- 
sential in the manufacture of Portland ccMuents. The linu* 
combines with the silica, alumina, and ferric oxide, forming 
various silicates, aluminat(»s, and ferrites of inm, but the 
natural cements set more rapidly than Portlaiul cement and 
ultimately do not attain so high a degree of strength. 

Limest<m(»s used for th(» production of natural cements in- 
variably are clay(\v, containing from IS to 35 ])er cent, of clay(\v 
material (alumina and silica), of which 10 to 22 per cc^nt. is 
silica, while alumina and fc rric oxide tojr(4ber mnv varv from 
4 to 10 per cent. Sin(*e a gn^at vari(»ty of clayey limestones 
will pr<»duce natural c(»ment on burning, it is evident tliat rocks 
favorable* fcr this ])urpose must b(» comparativcOv common and 
widely distribut(»d. For this reason, a^o, natural cements an* 
likely to Iw* comi)arativ(Oy cbea]» and must tind a markc^t near 
home, usually within the l>oundaries of the State ])roducing 
them. 

In the production of tbese natural cements a much higher 
percentage of magnesium earlM)nat(» is pernnssibl(^ In tin* linu*- 
stones used for the manufacture of tbe so-called Loui<vilb» 
cements, the percentage of magu(*sium carbonate* varies from 
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Water and loss 48.762 

Impurities 1.000 

Aluminum sulphate 25 . 585 

Iron sulphate 15 . 653 

Magnesium sulphate 1 . 000 

Alkaline sulphates 8.000 

Those sulpliatcf§ jjo iiito solution in the waters pc^rcdlating 
through the black shaUs, and Kssue at springs to wliich they 
may give a more or less distinct flavor. 31auy other substances 
are taken up, some of them in suflici(»nt quantities to be readily 
detected on analysis. It has been stated that the tabb* of con- 
tents of the waters from a mineral spring is but an ind(»x of the 
various geological strata through which its waters have passed 
and of the mineral bodies with which they have come in contact. 
In this sense, the Devonian black shales should be of special 
interest to the people of Kentucky, since a considerable part of 
the springs which are visited, more or less, for their medicinal 
virtues issue from the black shales. Among these may be men- 
tioned the Fox springs, eight miles east of Flemingsburg, in 
Fleming county; the Olympian springs, in the sonth(»ast(Tn 
part of Bath county; the Oil s])rings, about a mile northeast 
of Indian Fields, in the northeastc^rn part of Clark county; thi* 
Estill springs, about a mile north of Irvine, in Estill county; 
Hale's well, about fcmr southeast of Stanford, in Lincoln county; 
the Linietta springs, northw(»st of Jun(*tion City, in Boyle 
county; Alum springs, two mil(»s farther west in Boyb^ county; 
the Sulphur springs, three miles south(\*ist of ].(»banon, in iFa- 
rion county; and numerous other springs, less known but with 
waters containing the same ingi'edients. 

For convenience, mineral wat(»rs' may ho dividend into sev(»ral 
classes. Alkalintc waters are those wliich contain as ])rincii)al 
Ingredients the carlM)nates of tlu* alkaline earths, calcium ami 
magnesium, and the carbonat(»s of the* alkali(»s, potassium and 
scKlium. Waters of this class usually contain considerabb* so- 
dium carlK)nate and calcium carbonate, and small amounts of 
the chlorides and sulphates. If much sodium carbonate* is ])r(»s- 
ent, the water has a greasy tcmch. Such waters an* regard(Ml 
as diuretic, producing an increased flow of uriiK*, and so may 
be of service in flushing th(» syst(»m and in helping to g(*t rid 
of accumulated waste [)roducts. Saliur waters contain as prin- 
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cipal ingredients the sulphates or chlorides of calcium, mag- 
nesium, aluminum, potassium and sodium. Sodium chloride is 
the moj^t common ini^redlent of such waters, but magnesium 
t^ulpliate (Epsom salt) and sodium sulphate (Glauber salt) oc- 
cur in most waters of this class. Sodium carbonate, on the 
contrary, occurs only in very small quantity as a rule. Sodium 
chloride waters are said to be useful in stimulating the gastric 
mucous membrane, in increasing the appetite, and in getting 
rid rf excessive amounts of secreted mucus. The best results 
are obtained in gastritis. Saline waters containing considerable 
quantities of magnesium and sodium sulphate are purg:itive. 
(huljfhvute waters contain as their principal ingredients the 
Siilts of iron, esp(»cially iron l)i-carl>onate. On coming to the 
surface at the spring, this bi-carl)onate gives up the carbonic 
acid and takes up oxygen. It thus is changed to iron oxide 
wliich precipitates or settles as a brownish-yellow sediment. 
This sediment is seen not only at the spring but also for some 
distance along the stream leading away from the spring. Such 
wat(»rs are often recommended for patients suffering from an- 
emic or chlorc^tic conditions. Iron comix)unds, if taken in suf- 
licient quantities, or for a long time, may cause constipation 
and other disturbances of the digestive system, but usually they 
(.(•cur in too small a quantity in the mineral waters to cause 
any injury. 

Sulphur waters are those which contain a sutlicient quan- 
tity of hydr()g(Mi sulphide to be r(»adiS' rin^ognized by the smell. 
The same gas is pr(»sent in rott(»n eg-rs and hence waters con- 
taining sulphuretttMl hydrogen often are said to smell and taste 
like rotten (^*fi^. On reaching the surface at the spring, much 
of the hydrogen sulphide escapes. AYhen brought in contact 
with the oxyg(»n of the air, the gas in part is dissocihted into 
its elements and the sulphur is d(q>osited as a white or whitish- 
y(»llow sediment upon surrounding objects, while the hydrogen 
nnit(»s^with the oxygen to form water. Wells containing this 
deposit often are known as whitr-sulplnir wi^lls. When salt^s 
of iron are present, the fr(»e sulphur may unite with the iron 
to form black t1ak(»s of iron sulphid(% reuniting in a black stnli- 
ment, and giving rise to the name huuk'-snlphnr wells. As far 
as known, hydrogen sulphide* does not have any pronounccMl 
medicinal value when taken into the stomach. Waters contain- 
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ing hydrogen sulphide in notable quantities usually are more 
or less saline and the medicinal viii;u(*s of these waters is due 
to their saline contents and not to the gas. The bad smell of the 
water is not an index of its medicinal value. 

All of those classes of springs are represented among th(» 
springs is*?uing from the Devonian black shale, as may l>e sih^u 
by an examination of the following partial records of analyses, 
in which only the principal ingredients are recorded, ilost of 
these analyses wc^e made so long ago that a special report on 
the mineral springs of the Devonian black shale belt is now de- 
sirable. A report bringing together all available information 
on the mineral waters of Kentucky, and accurately defining 
their mineral ingredients, would Ix* of material assistance to 
I^hysicians in recommending to their patients the us(» of waters 
from particular springs. In the following analyses the figures 
fetate the numl>er of parts of the ingredients found in a total of 
1,000 parts of water. 



t 



OQ 
O 

PES 

m 

OQ 

< 



o 
< 

< 
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Alum Springs, Petro- 
leom Sprinff. Calcar- 
eous 
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Indian Fields. Red 
Sulphur Water. Alka- 
line, Sallne.Calcareou8 



Fox Springs, Fleming 
County. White Sul- 
phur Water. Alkaline. 
Saline, with Glauber 
Salt 



Junction City, Lin- 
ney's Well. Black Sul- 
phur Water. Alkaline. 
Saline, with Epsom 
Salt 



Ahim Springs. Boyle 
County. Black Sul- 
phur Water. Alkaline. 
Chalybeate 



Junction City. Boyle 
County. Black Sulphur 
Water sediment black. 
Alkaline.Saline. slight- 
ly Chalybeate 



Olympian Sprinflrs. 
White Sulpnur Water. 
Alkaline. Saline 



Olympian Springs. 
Black Sulphur Water. 
Sediment nearly black. 
AlkaUne. SaUne 






OQ 






\a 



00 

o 



00 



00 

o 
o 



CO 

o 



CO 



o 



o 



00 

CO 



00 
CO 



CO 



00 
CO 
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00 

o 
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CO 
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CO 
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00 

00 
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CO 

CO 
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C4 

CO 



00 
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00 
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Olympian Sprinffs. 
Kitchen Well, Alka- 
line, Saline 



Olympian Springs. 
Bath County. Tea 
Water. Alkaline, Sa- 
line 



Indian Fields. Clark 
County. Soda Spring. 
Alkaline. Saline 
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SALT SPRINGS. 





fit 


m 


1^ 


1 
If 


LOCATIOM. NAMB AND CHEMI- 
CAL NATURE OF SPRING 


Si 


Frtff 


Ill 
^11 












Soda chloride 13.878 


4,8937 




0973 


yiagnesla chloride 




.1089 


.1188 


0845 


Potash chloride 




.0355 






Lime carbonate 


..454 


.1975 


.1844 


1198 


Magnesia carbonate 


1.3S7 


.0506 






Soda carbonate 






.2241 




Lime sulphate 

1 








0583 



ALUM AND CHALYBEATE SPRINGS. 





Ill 


■4 


III 


m 


t 


LOCATION, SAUK AND 


i 


.If 




fi* 


CHBUIOAL NATURE 
OF BPHIHO 


?S9 

1 




Na of analysis 


!273 


2270 


2473 j 


£Z71 


2S73 



Alumina sulphate 5.3477 

Iron sulphate 2-6761 

I'otash sulphale ? 

Lime sulphate .4994 

Magnesia sulphate 1350 

Soda sulphate ' 

Iron carbonate j 

Lime carbonate 

Magnesia carbonate 

Soda chloride 



.1654 
.0307 
.0133 
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In the case of the Alkaline springs, those in which sodium 
carbonate is the chief ingredient predominate. Springs of this 
type occur northeast of Indian Fields, and near the Olympian 
Springs. Those at Junction City and at Fox Springs contain 
not only sodium carbonate but also appreciable quantities of 
the sulphates of sodium and magnesium. 

Some saline springs contain sodium chloride in quantities 
so much greater than that in which the other ingredients occur 
that the name salt springs or salt wells appears most appro- 
priate. One well at Junction City, and two at the Olympian 
Springs are good examples of those wells. Magnesium chloride, 
and also the carbonate of sodium or magnesium, or l>oth, also 
occur. A well containing a considerable quantity of salt oc- 
curred at the crossing of the Cincinnati Southern railroad over 
Green river, and another is found just east of the depot at Crab 
Orchard. 

In one of the wells^ at Junction City, the sulphate of soda 
or Glauber salt predominates, althcnigh the sulphate* (if maj:»:nesia 
or Epsom salt also occurs in considerable (juantities. Usually 
the conditions are reversed and Epsom salt predominates very 
much. Wells of the latter class occur at Lebanon, Indian Fields, 
Junction City, Olympian Springs; and one at Fox Springs shtws 
a slightly greater quantity of magnesium sulphate. The well at 
Lebanon issues from the base of the Waverly series, from the 
lower part of the Linietta or Bwlford clay shales. The oiw at 
Indian Fields is in the Crab Orchard bed. The wells at Olym- 
jiian Springs issue frcjm the crevices in the Devonian limestone, 
at the l>ase of the Devonian black shak^. The water at Fox 
Spring if»sues from ncnir the toj) of tli(» limestone underlying 
the Devonian black shal(\ From this it mnv Ix* seen that saline 
springs in which the sulphat(»s of magnesia and sodium are the 
chief ingredients are more common in the* ordinary- clays ( f tin* 
Crab Orchard and Waverly IxnIs, and in the accompanying lini(»- 
stones, than in the carbonaceous Devonian black shales. 

Waters containing more or less alum and copperas are more 
common in the* Devonian black shales than is indicated bv the 
accompanying analyses. The* analysers have not be(»n made with 
the view of detc^rmining what ])ercentag(^ of the saline material 
is in the form of alum. The* carlK>nat(* of iron occurs in small 
quantities in quite a large number of the springs which liave 
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been examined. In only two springs, however, is iron carbonate 
the chief ingredient, and both of these occur at Alum Springs, 
a short distance east of Junction City, on the Knoxville branch 
of the Louisville and Nashville railroad. 

Such traces of life as have been found in the Devonian black 
«hales have been chiefly of vegetable origin and on this account 
the bituminous matter in these shales is believed to be chiefly 
of vegetable origin. The large accumulations of oil at Ragland 
and In'ine may have had an entirely different origin. The min- 
eral part of the shales does not show any close agreement with 
the materials forming the Crab Orchard clays, from which, in- 
deed, they are separated in the greater x>art of the area under 
.discussion by the Devonian limestone. As compared with the 
•Crab Orchard clay, the black shales show more silica and lime, 
and less alumina and potash. The reasons for these differences 
have not been determined. 

The Devonian black shales, in their original condition, are 
useful chiefly as road material. Although very little intelligence 
is shown usually in the use of this mat(*rial for road«, during a 
large part of the year the black shale roads are in excellent con- 
dition. When greatly decayed and reduced to clay, the Black 
shale is serviceable for the manufacture of vitrified brick. 



The Chemical Characteristics of the Lower Waverly 

Rocks. 

A. LiNiETTA OR Bedford Clay Shales. 

At the base of the Linietta or Bedford clay shales, at the 
bottom of the Waverly series of strata, phosphatic nodules occur 
very frequently and over a wide area. Usually they are con- 
fined to a few inches at the base of the series, although ranging 
sometimes for several feet. They often contain fossil remains, 
usually some shell or the fragment of some fish n»main. The 
following aniilysis indi(*ates at least the presence of considerable 
phosphati(* material. 
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2281. — Phcsphatic nodules, Boyle county. Probably from 
the neighborhood of Junction City. 

Geological position: From the base of the Linietta or Bod- 
ford clay shales, at the base of the Waverly series. Collected 
by William M. Linney, Oct, 17, 1882, 

Shapes generally oblong, spheroidal or ovoid, somewhat 
flattened. Exterior of a dull brownish-gray coh)r; interior 
barker and irregularly cellular. Some of them contained frag- 
ments of fossil bones. 

On examination they were found to contain bituminous mat- 
ter, ferrous carbonate, and a considerable proi>ortion of phos- 
phates, which in one analysis gave 29.10 per cent, of phosphoric 
acid (P2O5). 

At the base of the Waverly series of strata there is a great 
mafis at clays, here called the Linietta clay, which occupies about 
the same horizon as the Bedford formation of Ohio and the New 
Providence shale of Indiana. Northward, toward the Ohio riv(»r, 
this clay section is replaced by arenaceous shales interl>edded 
with fine-grained sandstones or freestone's. The analyses of 
the Linietta clays are fairly represented by those cited below. 

2597. — Linietta or Bc^lford clay. From Blue Lick, Madison 
county. From Berc^a, 1.5 miles cm Kingston pike, then 1.5 mil(»s 
east to junction with Blue Lick pike. Southwest of voad corner. 
(Geological po.sition : to 40 feet, at l>ase of Waverly. Collected 
bv A. F. Foerste, 1904. 

Analysis of air-dried sample : 

Moisture 1.75 

Ignition (combined water, etc.) 4 . 29 

SiUca 65 . 58 

Alumina 16.00 

Ferric oxide 5.21 

Lime (^^ 

Magnesia 1.25 

Potash 3.89 

Soda 82 

Titanium dioxide 1 .13 

Sulphates and phosphates Traces 

Total 99.95 
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2499. — Clay. On the land of John Pigg, three miles north- 
east of B(*rea, two miles south of Bobtown, near the road from 
Berea to Bobtown, at the Blue Lick. Locality: K-S-8. Geologi- 
cal position: Linietta or Bedford clay shale at base of the 
Waverly s<^ri(*s. Collected by Moritz Fischer, August 16, 1884. 

Analysis of air-dried feample: 

Hygroscopic moisture 1.030 

Combined water and loss 2.947 

Silica 68.440 

Alumina and iron oxide 20.180 

Lime carbonate 144 

Magnesia carbonate 2.860 

Potash 3.678 

Soda 740 

Phosphoric acid (P.O^) A trace 

Total 100.000 

Pulverized and kneaded with water, it would be plastic 
enouj»:h to be used for common potterj'-ware. 

2618. — Analysis of clav, Junction City, Bovle county, Kv. 
Cieolof^ical position : Linietta or Bedford clay, at base of Wayer- 
ly s(*ries. Blue Lick, northwest of Linietta Sprinp:8, northwest 
of Junction City al>out one-half mile. A. F. Foerste, 1904. 

Analysis of air-dried sample: 

Moisture 1.35 

Ignition (combined water, etc.) 4 . 85 

Silica 62 . 44 

Alumina 17.87 

Ferric oxide 6.31 

Lime 18 

Magnesia 1.18 

Potash 3.52 

Soda 77 

Titanium dioxide 1.04 

Sulphur trioxide 19 

Total 99.70 

1873. — riay. From the* headwaters of Green riyer, on the 
land of Thomas W. Varnon. Bed t\yo to four feet from the 
surface, and said to 1h* forty-t^yo to forty-fiye fc^et thick; noting 
on Black shale ^y1nch is fifty feet tliick. Salt Ayater is found 
by lK)rin«: at a d(»i)th of cM«j:hty-f(»ur fe(»t, and some little petro- 
leum in the sandHtouc*. rollect(»d by Scmator Varnon. 
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Geological position: From the Linietta or Bedford clay 
ishale^ forming the base of the Waverlj- series. 

Clay imperfc^ctly laminated, of a dark olive-gray color. Burns 
to a gray-bulf color. The considerable i>roiK)rtious of the iron 
cjxide, lime, potash, and soda prevent this clay from being r(»- 
#*racton' in the tire; but while it is therefore untlt for the manu- 
#*acture of fire-brick, it will yet answer well for ordinary i>ottery, 
terra cotta work, and tiles. 

Analysis, dried at 212 degrees F. : 

Water and loss 5 . 705 

SlHca CI . 580 

Alumina 23 . 946 

Iron protoxide 5 .814 

Phosphoric acid Not Det. 

Lime 201 

Magnesia 850 

Potash 1.542 

Soda 362 

Total 100.000 

As compare d with the Crab Orchard clay, th(»sc clays at the 
base of the Waverly scries contain more silica, about th(» same 
amount of alumina and iron, and a less quantity of lime, mag- 
nesia, and iH)tash. Th(*s(» clays contain too much iron to 1k» 
serviceable as stonewan* clavs. Th(»v contain, how(»v(»r, (»nonuh 
iron and alkalies, and are sufficiently low in lime and magnesia 
to make excellent clays for vitritiinl war(\ ])aving brick, sewer 
pipe and the like. They will burn to a cherry red cohr, and 
would sen'e also for the manufacture of ordinary brick. ( )wing 
to the larger iH*rcentag(* of silica, the Linietta or HcMlford clays 
sh<mld Ih» more serviceable* than tin* Crab Orchard clay for tlu* 
manufacture of IN rtland cement. Tlu* clay from the Blue Lick 
locality, for exampb*, conforms quite clos(»ly to the foriAula that 
the sum of the alumina and tlu* iron oxide shall ei|ual about 
a third of the silica, and th(» r(H|uir(»m(»nt that tin* silica shall 
equal at h^ast 55 i)er C(»nt., and i)referably should be between (HI 
and 70 per cent. 
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B. Upper Layers of the Waverly Series. 

Xo attempt has been made to study the upper layers of the 
Waverlv series in east-central Kentucky. In the vicinity of 
Vanceburg, on the Ohio river, at Alum K(^*k, the thickness of 
the arenaceous clay shales and interbedded sandstones, repre- 
senting the Bedford formation of northern Ohio, is approxi- 
mately 90 feet. This is overlaid in succession bv Berea sand- 
^?tone, 21 feet thick; thin black argillaceous Sunbury shale, 13 
feet thick, and other shaly and sandy layers, representing the 
Cuyahoga shales. None of these overlying layers can be recog- 
nized as distinct formations in east-central Kentucky. The 
freestone layers at Irvine, and those quarried at Berea occur 
fully 350 feet above the top of the Devonian black shale. This, 
proliably, is the horizon also of the Fanner station sandstone. 

2429. — Sandstone. From the quarry near Farmer Station, 
on the Chesapeake & Ohio Railroad, thirty-five miles beyond 
Jlount Sterling. Collected bv W. W. Monroe. 

Geological position: Probably from the upper part of the 
Waverly series, 350 feet above the base of the series. 

A fine-grained sandstone of a handsome light gray color on 
the recently exposed surfaces, showing a few minute spangles 
of mica. Stained light ochrcH)us and brownish on the weathered 
surfaces. Showing no fossil remains, (»xcept Taonurus cauda- 
gain on one of its surfaces. This rock was used in the construc- 
tion of the court-hous<» at I>exington in 1882. It is composed 
of fine grains of transparent, colorless quartz united by a cement 
comiK>siHl of carlnmates of iron, lime, and magnesia, with a little 
silicate of alumina. 

Analysis; sample air-dried: 

Moisture and loss 2.514 

Sand and insoluble silicates 93 . 128 

Alumina, phosphoric acid and loss 1 .188 

Iron carbonate 2.336 

Lime carbonate . 578 

Magnesia carbonate 256 

Total 100.000 
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2498. — Plastic clay. From the land of Gordon Glasgow, on 
the slope of Bear Mountain, three miles southeast of Berea, 
Madison county. 

Geological position: Collected by Moritz Fischer, July 1, 
1884, and labeled as: Clay in the Waverly series, near the 
Conglomerate. This probably is a clay member of the Penning- 
ton shale, near the Ro^^'kcastle conglomerate, above the Low(*r 
Carboniferous limestone, and occurs about 600 feet above the 
base of the Waverly. 

A light gray, plastic clay. Calcines to a light reddish color. 
This clay could be used for the manufacture of various kinds of 
common pottery ware, terra cotta products, and the like. 

Analysis of air-dried sample : 

Water and loss 20.014 

SlUca 48.000 

Alumina 18.380 

Iron peroxide 3 . 900 

Lime carbonate 1 . 600 

Magnesia carbonate 4 . 033 

Potash 3.797 

Soda 276 

Total 100.000 



The Chemical Composition of the Irvine Clays. 

Probably no class of clays in the central parts of Kentucky 
have arcmscMl a wider interest for a longer time than those from 
the Irvine formation in various parts of Madison county. From 
no an»a of similar small size have we as manv analvses. This 
is due to the fact that at an early date a fairly extensive produc- 
tion of common stone -ware was founded upon the use of this 
elav, and that this stone-ware industrv is still in exist(»uce. 

Stcmeware differs from common earthenware chicflv in the 
fact that earthenware is l>urn(»d merelv until it rc^aches th(* 
stage of incipient vitrification but remains porous, whih* in the 
case of stoneware tin* dav is burned to vitrification so that tli(» 
body of the ware becomc^s im])(Tvious to moisture. The* color 
of the iKidv mav l>e rnldish, buff, or bluish black, but this color 
freijuently is concealed by a coating of siilt glaze or slip. Stone- 
ware is made usuallv fn>m refmctorv or sc^ini-n^fractorv clavs, 
the best results often l)eing obtained by mixing different clays. 



268 



KENTUCKY GEOLOGICAL SURVEY. 



One of the clays is used to supply stiffness to the body in burn- 
ing, while the other supplies the fluxing qualities and serves 
to bind the ware together. The fusible impurities must be of 
such a character as to cause the body to attain a state of incipi- 
ent fusion while the slip or glaze at the same temperature will 
melt 

When the ratio of alumina to ferric oxide equals 7 to 1 the 
resulting stoneware is not colored red by the ferric oxide, but 
takes on a yellowish color, which becomes yellowish-white or 
nearly white as this ratio approaches 13 to 1. Clays of this 
kind could be used also for the manufacture of light or buff 
brick. 

Chemical analys(\s usually show the following range of vari- 
r.tion : 



Maximum Ifinimnm 



Averac<e of 

Sanalyaas 



Smca 72.10 

Alumina 38.24 

Ferric oxide j 1.50 

Lime | 1.70 

Magnesia 0.68 

Soda i Trace 

PoUsh 2.42 

Water 14 . SO 



45.00 
19.08 
0.96 
• • • • 
0.11 
. . . • 
0.15 
6.25 



64.08 
23.86 
1.23 
0.78 
0.40 
Trace 
1.48 
7.78 



Among the earlier analyses of the stoneware clays of Madison 
county are the following: 

946. — Potter's clay. Four miles northwest of Irvine, on the 
Richmond pike. Light buff-gray, with stratified lines of rcnl- 
dish. Appears to be principally fine quartzose sand with a 
few minute sparkling specks of mica. 

Geological position: Irvine formation. 

Water expelled at red heat 4 . 400 

smca 71.780 

Alumina 17 . 580 

Iron oxide 2 . 420 

Lime None 

Magnesia 547 

Potash 2.271 

Soda 322 

Sulphuric acid 112 

Loss . 568 
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1122. — Potter's clav, near Waco. 
Geological position : Irvine formation. 
Analysis: 

Water expelled at red heat 6.140 

Silica 62 . 58 

Alumina 21.98 

Iron oxide 4.78 

Brown oxide of manganese Trace 

Phosphoric acid Not Est. 

Sulphuric acid 234 

Lime Trace 

Magnesia 1.276 

Potash 2.607 

Soda 500 

In sample Xo. 94(J, the ratio of alumina to fi^rric oxide is 
about 7 to 1 and the clay should burn to a buff color. The per- 
centage of silica is rather high, and the clay should prove more 
refractory than sample No. 1122. In the latter case the ratio of 
the alumina to ferric oxide is about 5 to 1 and the color of the 
burned clay should be darker. 

Two additional analysers of the potter's clay at Waco w(Te 
published in 1877. 

1876rt. — Potter's clay, quality No. 1. Light gray soft clay. 
187(}&. — Potter's clay, quality No. 2. Of a bluish-gray color. 
Both clays from the neiglilK)rhood of Waco. Th(^e are good 
clays for onlinary stoneware. 

Analyses; dried at 212 d(»gr(us F. : 



No. 1876a 



No. 1876* 



Combined water and loss 7.020 ' 10.531 

Silica 59.976 50.9G0 

Alumina, iron and manganese oxides, and phosphoric 

add 27.640 I 28.740 

Lime carbonate 280 ' .200 

Magnesia .COG .752 

Potash 3.931 2 . 502 

Soda ■ .547 .315 

Total 100.000 100.000 



These samples do not diff(T greatly from No. 1122, although 
the i>ercentage of silica is less. Possibly the infcTior quality of 
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the sample said to be of quality No. 2 was due to its vitrifying 
at a lower temperature, due to a smaller percentage of silica 
and a larger percentage of iron. 

In 1879 two additional analyses were published, presuma- 
bly from clay used for the manufacture of stoneware. Bybee- 
town is now known as Portland, and is still the sc^it of stoneware 
manufacture. The Oldham locality is believed to have been on 
the Bybeetown side of Waco. 

21G8. — Clay. From near Bybeetown or Portwood. Milton 
Barlow. Bed four feet thick, overlying Black shale. 

Geological position: Probably from the Irvine formation. 
Collected by John R. Procter. 

Clay of a light, warm drab-gray color. Irr^ularly and im- 
perfectly laminated. Quite plastic. Bums to a delicate light 
reddish-cream color, nearly white. 

2169. — Clay of workable thickness; on the road leading from 
Waco to R. Oldliam; about a mile and a half from Waco. 

Geological i)osition: CoIlec*ted by John R. Procter, and 
stated by him to cK(*ur proJwbly below the Corniferous lime- 
stone. The exact locality not being known, this statement can 
not be verifi<Hl, but, in this area, plastic clays with a very small 
percentage of lime are not known in Silurian formations. 

A compact clay, generally of a light, olive-gray color, stained 
irregularly with ochreous and ferniginous. Quite plastic. Cal- 
cines quite hard, to a handsome light brick color. 

Analysis; s^iinple dri(Ml at 212 degrees F. : 



No. 2168 No. 2169 



Water and loss 6.973 5.166 

Silica 62.560 | 64.566 

Alumina 24.780 20.160 

Iron peroxide 1.800 ' 4.200 

Lime A trace ' .213 

Magnesia 317 ! .641 

Potash 3.276 ' 5.054 

Soda .294 Not Est. 



Total 100.000 100.000 



Regarding those clays, Dr. Robert Peter, the chemist of the 
Suney, made the following remarks: 
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These are good plastic clays for the manufacture of ordinary 
pottery ware, as well as for ornamental articles of terra cotta, 
for which they are adapted because of the pleasing tints which 
they assume on calcination. Hiey owe these tints to their con- 
siderable proportion of iron oxide, which, together with their 
large proportion of potash renders them unavailable as tire-clays. 
This very circumstance, however, may tit them for stoneware 
and for sui>erior kinds of hard-burnt, semi-fused, ornamental 
pottery in the hands of skillful workmen and artists. 

The ratio of alumina to ferric oxide in sample No. 2108 is 
about 13 to 1, and the clav should burn to a nearlv white color. 
In sample No. 21G9, this ratio is about 5 to 1, and the clay 
should burn to a distinctly brick-red color. The percentage of 
potash is large, and the clay should flux at a distinctly lower 
temperature than any so far mentioned. This should cause it 
to l)e regarded as an inferior clay. 

In 1884, the following analys^es were publisluMl, showing that 
the interest in stoneware clav still focussed around Bvbeetown 
and Waco, in Madison county. 

2496. — Clay. P>om the land of James AYalker I^nvis, two 
miles southeast of Bobtown, about one hundred yards to the 
left of the Big Hill pike, almost opposite the blacksmith shop. 

Geological position: Bed four to tive feet thirk, resting on 
Silurian clay shale. Sample of the upper ten inclu^s. CH)llectVMl 
by iloritz Fischer, June 21, 1884. The Silurian clay shale at 
this localitv is the Lullvegrud clav division of the Crab Ordiard 
ImmI. The overlying clay, of which the analysis is given, prob- 
ablv bc^Iongs to the Inine formation. I^)calitv: K-S-22. 

A laminated clay or soft shal(% of a light gray color on the 
exterior; darker colored and brownish-yellowish-gi*ay in the 
interior. 

2497. — Clay. From the same locality as the preccnling. 
Sample from ten to twenty inches below the surface. CollectcHl 
bv iloritz Fischer. 

Geological position: Apparently from the Irvine formation, 
but the large percentage of lime is more suggestive of Silurian 
clavs. 

Darker colored than the preceding; of a light olive green 

color. 
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No doubt common pottery ware and terra eotta could be 
made of this clay, ground and properly tempered with water. 
It contains too much potash, lime, and iron oxide for a fire- 
clay. 

Analysis of air-dri(Hl samples: 



No. 2496 



Mo. 2497 



Water, carbonic acid, and loss * 8 . 091 

Silica j 59.000 

Alumina and iron oxide j 24.640 

Lime ; 1 . 456 

Magnesia j 1.096 

Potash I 5.500 

Soda I .217 

Titanic acid 

ToUl 100.000 



15.548 

42.560 

20.980 

8.680 

7.247 

4.819 

.166 

Trace 



100.000 



Sample Xo. 249G contains 20.68 per cent, of alumina and 
3.90 i>er cent, of iron peroxide. 

As compared with other clays from the Irvine formation, 
the percentage of lime in sample No. 2496 is rather high, and 
the Siime may be said of the percentage of magnesia and potash. 
In this respect the clay approaclu^s some of the Crab Orchard 
clays. The ratio of alumina to ferric oxide is about 5 to 1, and 
the clav shouhl burn to a li«rht brick-red color. It should fuse 
at a much lower t(»mperature than the potter's clays hitherto 
mentioned, with the exception, perhai>s, of sample No. 2169. 
Sample No. 2497 is utt(Tlv at variance with anv other clav 
known in this part of Kentucky. It has a low percentage of 
silica and a high percentage of lime and magnesia comjxired 
with the clays so far investigated. It should not prove sufB- 
ci(»ntly refract(>rv to make a good stoneware clay. Tlie age of 
th(»se clavs is not definit(*lv known. 

Sev(»ral analys(»s have Imm^u made for the ])resimt sun'ey. 
The following analysis is tak(»n from a sample of the clay used 
bv the finn of D. Zittel & Son, manufacturers of common stone- 
ware, alnrnt lialf a mile east of Waco. The clay is obtained from 
the ilcKinney farm, southeast of Waco. 

2615.— riay, Waco, Ky., on G. S. :McKinney's land, Madi- 
son county, Ky. 

Geological position: Irvine bed. Thickness, 3.5 to 5 feet. 
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A. F. Foerste, 1904. From Waco, one-fourth miles south, one- 
fourth mile east. Pit on south side of road. 
Analysis of air-drieil sample: 

Moisture 2.27 

Ignition (combined water, etc.) 5 . 85 

SiHca G3 . 7G 

Alumina 19 . 36 

Ferric oxide 2 . 59 

Lime 40 

Magnesia 82 

Potash 2 . 86 

Soda 47 

Titanium dioxide 1 . 25 

Sulphuric anhydride Trace 

Total 99.63 

In this ease the ratio cf th(» alumina to the fi^rrie oxide is 
41 bout 7.5 to 1, and the clay burns to a li^ht butf eolor. It is 
used at present for juij^s, jars, churns, and the like, but apparc^nt- 
ly might be made useful also for architectural terra cotta, cIkmu- 
ieal stoneware, clay pipos, and the like, althou«:h not very re- 
fractory clay. In this resi>ect it is surpasmnl by the white clay 
fnmi the Adams farm, next to Ih^ d(»scrilK»d. This clay contains 
more alumina, and less feriMc oxide, lime and maj2:n(»sia. Tin 
percentage of alumina to ferric oxide is about 19 to 1, and the 
clav burns to a very lij»:ht color. On this account it should Iw* 
valuable for architectural terra cotta and for light colored 
presscnl bricks, especially for those which are artificially colonnl 
or speckled by the use of manganese or other metallic oxid(*s. 

21)35. — White clay, on thc^ Adams farm, near Waco, ^Madison 
county. Color, nearly white, banded in place?? with brown. 
Found at the same locality as No. 2iVii\. 

(t(>olog;ical iK)Hition : Inine hwl. Collected by A. F. Foerste, 
in 1904. 

Analysis of air-dried sample: 

Moisture 1.60 

Ignition (combined water and volatile matter) 6.74 

Snica 61 . 00 

Alumina 23.68 

Ferric oxide 1.21 

Lime 20 

Magnesia 68 

Potash 3.09 

Soda 43 

Titanium dioxide 1.39 

Sulphur trioxlde Trace 

Total 100.02 
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At present the Adams farm clay is used at the tiling factory, 
at Searcy Station, in the manufacture of roofing; tiles. It is 
mixed with the dav which comes from the immediate vicinit^' 
of the factory, and probably serves to bind the latter together. 
The following analysis indicates the nature of the resulting 
mixture, consisting chiefly of clay obtained from the pit at the 
factory : 

2034. — ^Tiling factory clay. Obtained north of the factory, 
at Searcy Station, about a mile southeast of Moberly. The 
sample consisted of broken, unburned roofing tiles. It was 
buflf colorcHl and uniform in appearance. 

Geological position : Irvine bed. Chiefly alluvial. "Directly 
above the Devonian black shale. Collected by A. F. Foerste, 
in 1904. 

Analysis of air-dried sample: 

Moisture 1 . 75 

Ignition (combined water and volatile matter) 4 . 26 

Silica 73 . 78 

Alumina 13 . 2S 

Ferric oxide 1.24 

Lime 54 

Magnesia 82 

Potash 2.27 

Soda 50 

Titanium dioxide 1.25 

Sulphur trioxide Trace 

Total 99. C4 

This clay mixture contains more silica and less alumina 
than any so far dcnJicrilud. It is not used for stoneware, but 
only for roof tiling, drainage tilin«if and brick. The roofings 
tileft-ajce burned to a light red color, but those so far put out 
appewriinderburned. 

Thp following analvsis shows the nature of the clav used at 
the Searcy roofing tile factory as fire-clay. 

2636. — Fire-clay, used by Searcy at the roofing tile works. 
Obtained from the Adams farm, near Waco, Madison county. 
Samples mostly in the state of coarse powder, with some friable 
lumps. Buff coloreil, with some brown specks in the lumps. 
Found by going three-quarters of a mile north from Waco, then 
an eighth of a mile east, and finally an eighth of a mile south, 
past a cabin. 
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Geological position : Irvine bed. Collected by A. F. Foerste, 
1904. 

Analysis; sample air-dried: 

Moisture 1 . 52 

Ignition (combined water and volatile matter) 3.56 

Silica 81 .54 

Alumina 9 . 36 

Ferric oxide 1.17 

Lime 10 

Magnesia 39 

Potash 56 

Soda 29 

Titanium dioxide 1 . 25 

Sulphur trioxide None 

Total 99 . 74 

The relatively small p(Tc-entag(* of alumina should b(* noted. 
The i)oint of incipient fusion of this clay has not been di tc^rm- 
ined. 

The following clav was analvzcxl for ilr. Searcv. It do(»s 
not differ conapicuous'ly from the stoneware clays previously 
citcHl. It prolmbly lH»lon<rs to the upper part of the Irvine for- 
mation, as far as mav l>e determined from the analvsis. No 
careful study was made of its position in the geolo«::ical scale. 

2616. — Alluvial clay, Waco, Madison county, Ky. 

Geoloj2^cal position: Alluvial clay. One-fourth mile south 
of Waco, and then one and ()ne-ei<;hth miles east, soutli of the 
road, on GriuKtead farm. Black clay. A. F. FocMstc*, 1!)04. 

Analysis of air-dried samph* : 

Moisture 1.72 

Ignition (combined water, etc. ) G . 38 

Silica 05 . S2 

Alumina 18.01 

Ferric oxide 2.48 

Lime 22 

Magnesia 77 

Potash 2.91 

Soda 46 

Titanium dioxide 1.25 

Sulphur trioxide Trace 

Total 100.02 
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The next analysis gives the composition of the ordinary Lrick 
and tiling clay used by the Moberly Brick Company, and secured 
from the immediate vicinity of the plants west of Moberly sta- 
tion. It contains a much larger percentage of ferric oxide than 
any clay here discussed, and evidently would not be useful for 
any other purpose than that for which it now is employed. It 
is chiefly an alluvial deposit. 

2617. — Clay, Moln^rly, Ky., Madison county. 

Geological position: Irvine formation. Chiefly alluvial. 
Used for brick and tile at the Moberly Brick Co. plant at 
Mcberlv. 

Analysis, air-dried: 

Moisture 1.98 

Ignition (combined water, etc.) 4 . 20 

Silica 74.36 

Alumina 7 . 79 

Ferric oxide '. C.78 

Lime 14 

Magnesia 53 

Potash 1 . 59 

Soda 49 

Titanium dioxide 1 . 25 

Sulphates and phosphates Traces 

Total 99 . 11 



The Clay Industries of Madison County. 

Only two stoneware* pottc ri(*s at pn^scMit an* in operation, 
(;n(» at W'aro, and the other at Bylx^ctown, or l^ortwood. 

The pottery half a mile east of Waco is known as the D. 
Zittel & Son pottery. Th(»v use the clay from the Georjj:e Mc- 
Kinnev farm, southeat^t of Waco. The dav bed varies in thick- 
nes^s from four to sev<»n feet. In some parts of the pit the clay 
rests upon sand. In these cases it is considered better and will 
stand a little more fire. In other parts of the pit the clay rests 
upon the Black shale, and then is believed to be less refractory. 
No reason for this difference can be noticed on examining the 
clay in the pit. 

Albany slip clay mixcnl with re<l lead and manganese is used 
as a glaze. Th(» materials are obtaine<l from the Rower Pottery 
Company, Tx)uisville, Ky. 
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The articles made are as follows : 

Jugs in 1 quart and ^,4, 1, 2, 3, 4, and 5 gallon sizes. 

Jars in 1 (juart and Vl>> 1? 2, 3, 4, 5, 0, 8, and 10 gallon sizes. 

Fruit jugs, put up witli lid so that they can Im3 sealed. ri<(*d 
chiefly for keeping sorghum. Put up in 2, 3, 4, and 5 gallon 
sizes. 

Fruit jars, with lid, in 1 quart and in Y^ and 1 gallon sizes. 
XTsed chiefly for fruit jams. 

Pitchers, in 1 quart and i/^>, 1, and 2 gallon sizes. 

Churns, in 2, 3, 4, 5, and fi gallon sizes. Suppli(Ml with lid. 

Milk pans, in X^, 1, and 2 gallon sizes. 

Chambers, in V^ and 1 gallon sizes. 

Flower pots, in 2, 3, 4, 5, 6, 7, 8, 10, 12, and 14 inch sizes. 

The following anah'^is indicates the chemi(*al composition 
of the All>any slip clay: 

Free silica or sand 38 . 58 

Combined silica 17.02 

Alumina 1 4 . 80 

Ferric oxide 5.85 

Manganic oxide 14 

LIm/e 5.70 

Magnesia 2.48 

Potash 3.23 

Soda 1 . 07 

Phosphoric acid 15 

Water 5.18 

Moisture and carbonic acid 4.94 

Total 99.14 

This day not only fuses at a Irw tc^nporatuiv, but also })ro- 
duces a glaze of uniform color, and one which docs not crack. 
Its fnsihilitv may 1h* lowennl bv the admixture of various metal 
ctmiponnds, as indicat«Hl in the following rcniix*: 

Albany slip clay 63.30 to 70 parts. 

White lead 25.30 to 17 

Flint 6.30 to 7 

Oxide of iron 72 to .79 " 

Oxide of manganese . 56 to .61 " 

Chromate of lead 1.27 to 1.40 " 

Chromate of iron 67 to .73 

Oxide of zinc 1.88 to 2.07 " 
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At Bybeetown, or Portwood, is located the pottery of J. E. 
Corneliscn & Son. The clay is obtained on the road from Waco 
to Cobb Ferry, al>out a mile and a half east of the junction of 
this road with the road from Waco to Bybeetown. The pit is 
located northwest of the road corners, at which the road across 
Falling Brook joins the road from Waco to Cobb Ferry. The 
thickness of the clay bed in the clay pit averages about five 
feet. The clay overlies the Black shale. The clay is brought 
to tlie shop and put in a ring pit. This ring pit usually con- 
sists of a circular tub, between twenty-five and thirty feet in 
diameter, three feet deep, and lined with boards. In this re- 
volves an iron wheel about six feet in diameter, and so geared 
that it travels from the center of the tub to it« sides and then 
back again toward the center. This breaks up the clay thor- 
oughly and tempers the clay in about six hours. This temper- 
ing is called pugging. The power used at the Bybeetown pot- 
tery is a single horse. The clay is taken from the pug tub to 
the cellar and there kept moist for further use. 

The objects manufacturiHi are chiefly jars, jugs and churns, 
in the following sizes: 

Jars, 1 (juart, i/>, 1, 2, 3, 4, 5, 6, 8, 11 gallons. 
Jug>4, 1 quart, y^*, 1, 2, 3, 4, 5, G, 8, 10 gallons. 
Churns, 2, 3, 4, 5, 0, 8 gallons. 

The glaze used is a slip clay mix<^ with red lead and man- 
ganese. This is all stirnnl together, the slip clay l>eing strained 
brfore mixing. The pottery is dipiKnl into the mixture and 
dried Ix^fore going to the kiln. The kiln used i«! a down-draft 
kiln, and coal is us(*d as a fuel. The kiln is heated up slowly 
for about twenty-four hours and then raist^ to a white heat 
for twenty-four hours. A peep-hole is left to enable the oper- 
ator to examine the interior of the kiln, and the state of firing is 
determined chiefly by the color of the waiv, although test pieces 
also are uswl. Whenever the glaze is good en these test pieces 
the burning is considered sufficient. Then the kiln is allowed 
to cicl for fifty hours. >'o Seger cones are us(h1. 

In addition to jwttery, 4, G, and 8 inch tiling also is man- 
ufactured. 

At Searcy station, about a mile southeast of Mob(»rly, the 
Lexington Tile Roof Company is situated. Here the Wac*o 
shingle tile is manufactured. 
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The thief clay used for this purpose is obtained directly 
iK/i-th of the factor3\ At the pit about half a foot of soil is 
atripped off at the top, and the uuderlyinj^ clay layer, five feet 
thicky is taken out. This clay rests on the Black shale. For 
the manufacture of drain tile, brick, and shin{jlcs, the clay is 
dug, removed to the soak pit, and left over night The next 
day the clay is shovelknl into the disintegrator, where any stones 
present in the clay are cinished until the fragments are reduced 
to a diameter of one sixteenth of an inch or less. From the 
disintegrator the clay is carried along a belt to the tile mill. 
Here the clay is pushed out of the tile mill, through the dici?!, 
where the proper thickness and width is given to the stream 
of clay which issues forth. From the tile mill the issuing stream 
of clav is carried forward bv the machine to the cut-off table, 
where the clay, which already has the projxT width and thick- 
ness, is cut off into the desired lengths. From the cut-off' table 
the blanks <;r plates of clay, the future shingles, are caiTied 
fcjrward and picked off by boys, who haul them to the shingle 
prc^s. 

Up to this point the manufacture of shingle tiles does not 
differ in any rc*spect from the manufacture of bricks and drain 
tiling as carried on at the same factory, except that in each case 
a different die is used in ord(»r to give a different form to the 
stream of clay issuing fi-om the die, and in each case the win»s 
on the cut-<)ff* table are set at different points^ so that the length 
appropriate to the particular object to hv manufacturcHl will be 
cut off. For the manufacture of shingle tiles the clay is heaped 
up usually about two days, moisteu(Ml and covered with oil 
cloth, before it is run through the disintegrator, in order to 
become evenlv moist. 

From the cut-otf table the clay plates are taken to the press, 
where they are pressed into shingles. In this machine the* up- 
l>er die is stationary and there are three lower dies, all of which 
are movable, only one dw being usc^d at a tiiiu*. One of the clay 
plates is inserted into the machine and pressed. The lo\v(^r 
die with the prc^ssed shingle on it is tlu^n lift<Ml up. A i)all(4 
or small lM)ard slightly larg(T than the shingle is placinl on the 
shingle. Then die, shingle and pallet tog(^thcr are turned over 
and the die lifted oft', the prc^ssed shingle remaining on Ww jml- 
let. In the meantime anothcT clay ]>lat(* has bcMMi insisted in 
the machine and pres^cnl into the shaiK* of a shingle, and is 
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ready to be taken out and placed on a pallet. The shingles, 
still resting on the pallet^ are carried ott* to the drying shed. 
The capacity of such a press is 4,000 shingles in one day of 
ten hours, ten men being employed in various ways. 

The shingles are allowed to dry on the pallets for periods 
varying from two to five days, depending upon the weather. 
Thev are then skinned or trimmed. Trimming consists in rub- 
bing off the rough edges of the clay shingles with the back of 
a coarse knife. Then the shingles are stacked up and taken 
to the kiln. Here they are set up on edge, eight shingles in each 
set, with fire-bricks between the sets. These fire-bricks are a 
little higher than the shingles and so taJie the weight of the 
upper tiers of shingles from the tiers stacked up below. The 
fire-clay used is secured on the Adams farm, as is also some 
of the clay which enters into the clay mixture used for the man- 
ufacture of the shingles. 

The kiln used is a down-draft kiln. The shingles are heated 
fur twenty-four hours, the fresh steam or water-smoke being 
let out at the top. No great heat is used during this time, 
the object being merely to drive off the water still prc»«ent in 
the shingles. Then the heat is raised gradually for forty-eight 
hours until the shingles become white hot. Then the ovens 
are closed down, firing ceases, the fire-doors are cemented shut 
with clav, and for three davs the kiln is allowed to cool slowlv. 
It takes a day and a half to empty the kiln and another day 
and a half to fill the same again. 

Three men can fill the soak-pit so as to supply enough clay 
for fifty S(iuares per day. A square is (H]uivalent to 100 square 
feet of roof surface, which in the prc^sent instance rc^iuires the 
use of 200 shinglea Fifty squares, therefore, would in this 
case l)e equivalent to 50x260 = 13,000 shingles. Two men are 
ncMHled at the disintegrator. One man is mn^ded at the mill and 
to take care of the cut-off table. Two men sen-e as oft*-l>earers, 
who whe(»l off the clay plates or blanks to which rc^fcTence has 
been made in the preceding lines. One man works the lever at 
till* pn^ss, one fefnls the press, one dumps the pr(»s,«?ed shingle 
onto the pallet, and one man, the off-ln^irer, hauls the shin- 
gles to the drying room. At the drying room one man is kept 
busv as a skinner or trimmer. Two off-bearers are needed 
to fill the kiln, and one man sets up or stacks the shingles in 
the kiln. Two men are kept constantly employed in firing the 
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kiln, one serving as the day man, the other as ihe night man. 
The men tiring the kiln are paid f 1.50 per day, and all others 
are paid $1.00 per day. The man firing the kiln for this wage 
is given the higher sum of money beeausi^ he is r(»garded an an 
expert. Similar wages are given for similar work at the pot- 
teries already mentioned. 

The weight of a sciuare of shingles, or of 260 shingles is 
about 650 pounds. The exposed surface of the shingles is 9.5 
by 6 inches. In the proce^^ of burning the clay shrinks five- 
eighths of an inch to the foot and allowance must be made for 
this in cons^'tructing the die. No l:^^g(»r cones are used in firing 
the kiln, the temperature being determined approximately by 
looking at the color of the brick through p(»ep-holes left for this 
purpose on each side of the door in the front walls of the kiln. 
Shingles have been made at this factory for about two year.s. 
One of the churches at Irvine, in Estill county, is covered with 
this roofing tile. The shingles S(H*m to be defective, owing to 
under-burning, and for this reason the use of Seger cones is 
recommend(Hl. They also have a tendency to open up irregular 
cracks (;n burning, and hence tests as to the pro]>er mixtures 
to be employed should l>e made, but there is no reason why event- 
ually, with greater exiK»rience, the manufacture of roofing tiles 
should not prove a success. 

For purposes of comparison with clays from other localities, 
the following anal>'s<»s are given. The clay from Vigo county, 
Indiana^ was used formerly for roofing tile, but crack(ul in 
burning. The clay from Prospect Hill, in St. Louis ccmuty, 
Missouri, is usefl both f ( r hrick and for roofing tile. The clay 
(C'hemungKhale) from Alfnnl CentcT, in Alleghany c( unty, N(*w 
York, produces an exc(*]>tionally good (luality of n.ofing shingle. 



Indiana, Missouri. ' New York, 

Vilfo County Prospect Hill Alfred Center 



Silica 73.20 

Alumina 13.38 

Ferric oxide 2.19 

Lime .97 

Magnesia 1.01 

Soda and potash 



00 . 70 


53.2.) 


18.22 


23.25 


7.58 


10.9 > 


2.68 


l.ni 


rrace 


.02 


3.07 

1 


2.70 



Sinc(» roofinjj tiles or sliini»:l(»s are to be used in order to sIkmI 
water, their de^ee of porosity or permeability to water is of 
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the highest importance. The value of roofing shingles may be 
tested as follows : Heat the shingle to be tested to a tempera- 
ture of 212 degrees F., then place on it a tin tube whose diam- 
eter is five inches and whose height is eight inches-*. This should 
be fastencxl to the tile by means of wax applied to the outside 
of the tube. PMll the tube with water up to a level of four 
inches above the tile, and keep the water at this level by adding 
a few teaspoonfuls at a time until drops begin to appear on the 
under side of the tile or shingle. If these drops make their ap- 
pearance in less than six hours, the roofing tile should be re- 
jected. Tile burned to a higher degree of vitrification is, of 
course, more impenious to water. 

In addition to the roofing tile or shingle, the I^exington Tile 
Roof Company manufactures also paving brick, eight and three 
quarters of an inch wide and long, and therefore having a hy- 
potheneuse or diameter from corner to corner of one fcK)t. The 
thickness of these bricks is two inches. They are intended for 
paths in gardens, sidewalks in villages, and the like. They are 
placed with their greater diameters parallel to the length of the 
walk, and the gaps thus left at the side of the walk are filled in 
with half bricks which have a triangular shape, fit in snugly, 
and are supplied in propc^r quantity with every order. 

In addition to the paving brick, drainage tiling and common 
brick are manufacturcni. Several tests of different clays from 
the Waco area, made by the Boyd Company, of Chicago, at the 
recpiest of the Ix^xington Tile Koof Comimny, have clemon- 
stratnl that a fine grade of pressed bricks can b«» manufactured 
from the diffc^rent clays. These vary in color from a very light 
velhn* to a distinct rcnl. Bv a mixture of davs thev secured a 
mottl.-d brick giving a very pleasing elTect. It is evident that 
the possibilities of these clays luive by no means been ex- 
hausted. When the dams now under construction along the 
Kentucky river are completed, the (]uesti()n of (*heap transpor- 
tati(in from the c^astern part of the Waco area should be con- 
sidered solved. 

Directly west of iloberly station is the plant of the Moberly 
Tiling ilanufacturing Company. This is owmnl chiefly by Wil- 
liam Tate. The clav is obtained at tlie fact4)rv. The laver is 
three fc*et thick and occnirs immediately over black shale. Three 
or four inchc»s of soil are strippcHl off at the top. They use the 
Little Warder press, made at Frankfort, Ind., by the Wallace 
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Manufacturiug Ccmpany. This turns out 5,000 tiles or 2,000 
bricks per day. The cut-off table used is the Euring autonuitic 
clay cutter, manufactured by the I. D. Fate Company, at I*ly- 
luouth, O. The tile truck wagon was made by the Arnold-Crea- 
ger Company, at New I^ondon, O. The iH)wer for the presH and 
cutter is supplied by a 30 horse-power engine. It reciuires more 
l>ower to make the smaller sizes of tiling, four to six inches in 
diameter, than those of larger siz(*s. Labor is paid at the rate 
of Jpl.OO i)er day, or 10 cents per hour. 

The Beuea C()LLE(;e Ruuk Company. 

The brick-vard run by Berea Coll(*j»(* for its own use and for 
the employment of some of the college studi^nts is situatcnl about 
a mile north of town. The clay is obtained from a i)it situated 
northeast of the brick-vard. AlK)ut thnn* indues of soil are re- 
iuovchI, and the underlying clay has a tliickness of alK)ut three 
and a half or f<mr feet. It overlies Black shale. A narrow track 
with cars is usixl to haul the clay from the pit to tlie ])lant, 
and then, by means of a cable run by steam, up an inclint* to 
the second floor of the building, whcTc the bricks are nmde. 
At the top of the incline the clay is dumped from the car onto 
a platform, and then shovelhHl into the disintegrator. This 
consists of two large st(»el rolls, lM»tw(»(*n which the* clay pass(»s. 
Any iH»bbles pres(»nt in the clay are ground U> small fragnu^nts. 
Water is added to the clav as it reaclu^s tlu^sc* rolls in the dis- 
integrator. Fnmi the disintegi-ator the clay (Iroi)s into tlu^ i)ug 
mill. Here revolvin^: blades mix tlu* clav, and if uec(»ssarv mon* 
water is addcnl. In addition to mixing the clay, the blades ])ush 
the clav f( rward into the brick mill. This is tln» (Jrand Auto- 
niatic Brick Mak(T, manufactur(Kl by Jonathan engagers' Sons 
Company, at Cincinnati, O. 

The blades in the brick mill push the clay down into th<* 
anus of the brick mill, and these arms jmsh the clay sidewisi^ 
under the pr(*ss. Here the pr(*ss pushes the clay into the* mold. 
Nine molds are uscmI wh(»n tlu^ macliint* is in t)])(»ration. Six 
bricks are mad(» at a time in each mold. In fnmt of the* machine 
one man receivers the mold ami bumps it to \\\" right and left 
HO as to looHcMi th(» clay brick in the mold. Anotlu»r man i>icks 
up the mold and placets it on the turn-tabb*, which is a sort of 
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revolving wheel. The oi)en side of the mold is placed against 
a pallet board and the mold is dumped, leaving the brick on 
the pallet board. Then the mold is put in the sander. The 
zander in use is made by the Wellington Machine Company, at 
\\ cllington, O. In the sander the mold is pushed through the 
sand, and on the other side another man picks up the mold 
and places it once more in the machine. In the meantime the 
other molds have been in use. The sand is shipped here from 
Cincinnati. 

Nine pallet boards^ with six bricks on each, are loaded on 
a truck and then are wheeled to the racks. Here they are taken 
off by a man and are put on the racks to dry. Between six to 
nine days are necessary for this purpose. The racks at the 
pallet yard have a capacity of 120,000 bricks. From the pallet 
vard the bricks are taken to the kiln. Three kilns are in use, 
( ne ujMlraft Morrison clamp kiln and two common up-draft 
kilns. The capacity of these* kilns is 225,000, 200,000 and 200,- 
000 bricks. The bricks are first fired for about four or five days 
to drive off the steam, usuallv calUxi water smoke. After this 
has been driven off, the escape of the heat is cut off, the fires 
are increascni, ami in three or f<mr days the brick comes to a red 
heat, and to a white heat in three and a half or fcmr days addi- 
tional. After this, all accc*ss of air is cut off, and it requires 
eiij:ht davs for the kiln to cool. 

The capacity of the yard when worked to its fullest extent 
is 2,000,000 bricks a year. It has been in operation about four 
vears. The machinerv for tlle-makinir has Iveen secured. Prof. 
S. C. Mason, at Rerea, the Prof(»ssor of Agriculture and Geol- 
ogy, is especially interested in this plant. Aside from its use- 
fulness to the college, it is of great service to th(» students, who 
here get a practical knowledge of brick-making, which, with 
modifi<-ations, they can directly apply in the* UKnintain districts 
from which so many come, doing by hand, of course, many of 
the things which here are made bv machinerv. 
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Water Horizons. 



The Devonian limestone is one of the chit^f water-l^earing 
strata of east central Kentucky. Numerous fine sprin<;s issue 
from its horizon, and some of these have a wide reputation. One 
of these is the Buffalo sprinji:, a quarter of a mile W(»;-t of Stan- 
ford, along the pike to Hustonville. Anotlier is situated aln.ut 
three and a half miles west of Oab Orchard, along the county 
road running east and west aT)Out a mile south of the railroad, 
east of the hcmie of (F(H)rge Boone. Anoth(»r spring is located 
about thr(*e miles southwi*st of Crab Orchard, nc^ar the head- 
waters of Cedar creek, north of the road leading to Chai)el (lap 
(locality 17CO-NE). The M(M)re spring, a mile and a third 
northeast of Waco, n(*ar the home of Tom Curtis, is one of the 
best known in that area. The Spout spring, four miles soutli- 
W(*st of Clay City, is known for many miles. The spring south- 
east of the Oil springs hotel, alxmt a mile northeast of Indian 
Fields, issues from the same horizon. Th(*s(* are only a few of 
many springs which could be mentioned, and which, collectively, 
demonstrate that the Devonian limestone is an important watt r- 
bearing stratum. This importance^ it does not owe to it.s thick- 
ness, since the Devonian limestone in nicest of this rc^gion does 
not exccHMl eight(^»n (vot, and at many localities s])rings issue 
from this limestone where its thickness is less than six f(»et. 
But the overlving Devonian black shales are so almudantlv 
traversed, at many localities, by minute cracks, that the ground 
waters percolating tlmmgh tluMr mass are (Miabhul to r(*acli the 
I\vonian limestc^ne horizon in sutticient (juantities to fecnl nu- 
merous springs. 

Over by far the greater ]>art of east-c(Mitral Kentucky, the 
Devonian limest(m(»s are underlaid by considerable <iuantili(»s 
of Silurian clays, tin* most imiM)rtant of which b<»long to the 
Alger formation, but tin* Plum crct»k clay also is of im])ortanc(^ 
These clays soft(*n u]> readily in the pr(*s(»nc(» of abundant ground 
waters, and form a ratluT impermeable mass, aiTc^sting fnrth »r 
downward progress. The* slowly pc^rcolating gnamd wat<*rs ac- 
cumulate alK)ve the Silurian clavs, until th(»v tind an (\\it lat(T- 
ally as springs. The pernn^ability of the Devonian lim<»ston(*s, 
no doubt, gr(»atly assists in the n^ady egr(^s of this water, ^fon^ 
over, the numerous joints and vertical cracks, gradually widen- 
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ing under the influence of the slightly carbonaceous waters, usu- 
ally provide channels for the ready exit of springs. The chief 
service of the Devonian limestone is the providing of a reser\'oir 
for the accumulation of the downward percolating ground water, 
and the providing of channels for it« ready outflow. 

These springs, at the horizon of the Devonian limestone, 
are most numerous where the overlying Black slates are not 
deeply covered by the soft Linietta clays, forming the base of 
tlie Waverly series. The latter act as a barrier, retarding the 
ready downward passage of percolating ground waters, thus 
preventing easy access to the Black shales and Devonian lime- 
tone beneath. The base of the Waverly series, therefore, is not 
a good water-bearing horizon in east central Kentucky. 

For a somev/hat similar reason, the Clinton, or B'rassfield, 
limestone is not a reliable water-bearing horizon in this part 
of the State. Where it is thickly covered by the Plum creek, 
and especially by the Alger clays, the ground waters are held 
back and do not accumulate readily at this horizon. Although 
many springs issue at this horizon, they usually are of mod- 
erate size, and they often go dry in summer. This does lot 
suggest the pres<mce of important accumulations of water with- 
in the ground, at this horizon, and very little hope may be 
off<'r(»d to those who may desire to s(Hure a inn'manent and 
abundant water supply at this horizon in this part of the Stale, 
while the likeliho(;d of striking an abundance of good water is 
much greater at the level of the Devonian limc^stcmes. 

The Ri(*hmond formation, in by far the great^^r part of east 
central Kentucky, is an argillaceous deposit, often clayey at 
the top, with comparatively little limestone at any level, though 
often containing layers of indurated argillaceous rocks. As n 
nmtti r of fact, few springs issue from Kichmond strata in this 
part of the State. More frequently, the areas of outcrop of 
Kichmond strata are marked by comparativ(»ly barren or bald 
spots, giving rise to such names as "Bald Flills.*' These names 
indicate that the Richmond is not a great water-bi*aring horizon, 
and that wells reaching the Richmond strata, without having 
found wat<»r, must l)e continued for at least 200 fe<»t before the 
chances for a reliable water supply beconu* much Ix^tter. 

The upper horizons of the Maysville division of the Oinein- 
natian series of rocks, on the contrary, contain much limestone, 
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traversed by numerous crevices, and probably fairly i>emieable 
€?ven where not cracked. At this horizon springs b<*c()nie numer- 
ous again, and the great thickness of the Maysville division af- 
fords the opportunity for many springs, at numerous localities, 
and at very different elevations. 

There are no porous sandstones, in that part of east central 
Kentucky here under investigation, within reach of the well 
"driller, and therefore this, the best medium, for the accumula- 
tion of ground w^aters, is absent But in the alnsence of siuid- 
t»tones, the Devonian limestone is a valuable water-l>earing strat- 
um, and the Maysville limestones offer even a greater supply, 
while the Clinton, or Brassfield, limestone is uncertain, and 
the Sifurian clays and the liichmond argillaceous strata offer 
no prospect 

Springs frequently issue from the Black shales, and some 
of these offer water which is very palatable, but, as has already 
been shown in that part of the reiK)rt which deals on mineral 
springs, in the presence of iron sulphide, chemical reactions 
often take place which impregnate the waters with varicms 
kinds of salts, which may be very valuable for medicinal pur- 
poses, but which can hardly be recommendinl as part*^ of a 
steady diet The quantity of these salts in solution depends, 
in part, considerably upon the rate of outflow. Wht^e the 
streams issuing at the springs are at all rapid, the (juantity 
of salt in solution usually is small. AVh(»re the rate of out How 
is small, the (pmntity of mat<Tial in solution often is gn^at. 
It is evident that the rate at which the chemical <hanges pro- 
ducing these salts is taking place is too small to permit of th(» 
abundant impregnation of considerable quantities of gnmnd 
water. Where the ground wat(»rs flow rapidly, the stn^ams at 
their exits frcrm th(» s]>riugs ai(* relatively free from salts, at 
least in the great majority of cases. 

The slow rate* of percolation of ground waters thrcmgh the 
Silurian clays readly accounts for the fnujuc^ncy with which 
wells sunk into tlu^* clays IxM-ome im]>re«j:uated with salts. In 
fact, in former days, these wells w(Te sunk in the Alg(*r clays 
for the exprefjs purpose* of so<*uring the brines for the manu- 
facture of the Crab Orchard salts. Of course, natural (evapora- 
tion was utilized to intensify the salinity of these brin(»s, but 
the frequency with which the term "lick" is used in this part 
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of Kentucky deinonstrates the fact that Nature herself furnished 
many natural brines at some localities. 



Oil Horizons. 

The same conditions which tended to make the Devonian 
limestone, in many parts of east central Kentucky, a jTrinit 
water-bearing stratum, have locally favored its acting as a res- 
ervoir for oil. Oil is lighter than water and tends to rise. Any 
oil which once reaches the level of the Devonian limestone is 
likelv to be held back bv the Linietta clav, at the base of the 
AVaverly, if not by the Black shale, immediat^^ly overlying the 
Dev(;iiian limestone. At some localities in the northeastern 
part of the area here under investigation, this service would 
be pcrfornuHl very well also by the mass of greenish clays 
(Olentangy shale ?), often six to eight fin^t thick, immediately 
underlying the Black shales. Here, again, the Devonian lime- 
stone, on account of its porosity acts as a resi^rvoir. In quarry- 
ing this rock, cavities with small quantities of crude petroleum 
are not Infrequent 

The source of this petroleum is a subject of ccmsiderable 
Interest to the si>eculative geologist. The Devonian Black 
shales are known to be bituminous. In earlv davs, oil was 
distilled fnnn them, and when thrown into the fire, they under- 
go a sort of slow combustion, which, fre<]uently, hiis led the ob- 
senvr to iK^lieve that a little further judici<ms search would lead 
to the discoverv of a new coal field. When those Devonian shales 
are tilted, the more licjuid bituminous material might slowly rise 
toward the crest of the incline, and, if held back by suitable im- 
l>ervious layers, might accumulate there. A considerable ae- 
( umulation of oil, in that case, would not mean that the Black 
shales in general were heavily charged with oil, but that oil has 
gradually collected from over a very wide territory into some 
narrow Kjjace or pocket. This region of collection would be 
m(?st pr( iM nnccd along the most porous strata, where suitably 
covercHl by im|)er\'iaus layers. 

It is the common opinion of geologists, however, that the 
gen<ral distribution of oil in th(* earth doe« not warrant the 
Ix'lief that all accumulations of oil have originated from such 
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obvious sources as bituminous shales and coals, owing their 
bitumen to natural chemical changes of the remaiui5 of plant 
life, formerly inclosed within them. Some have sought fc>r 
the origin of cil in the chemical changes ref^ulting from the 
decay of animal life, while, recently, it has been suggestcnl that 
considerable quantities of oil may have had an entirely inor- 
ganic origin. The opinion is gaining ground, from the enor- 
mous quantities of carbon dioxide given off from volcanic vents, 
that various metals known near the surface of the earth chieHy 
as oxides and sulphides, might occur, deep within the interior 
of the earth, as carbides^ and later supply the carbon for min- 
eral OllSw 

Whatever the truth may be, the thick mass of Silurian clays 
should be an effective barrier to the rise of oils from greater 
depths, and, in that case, the presence of considerable quanti- 
ties of oil in the Devonian limestones should be due to local, 
rather than to geni^ral, conditions. Evidently, faults, if of suffi- 
cient throw, miglit occasionally enable oils to ascend through 
strata ordinarily impervious. 

Oils are found in the Devonian limestones in the Bagland 
field, in the southeastern part of Bath county, and in the an^a 
east of Irvine, in Estill county. Gas is found at the same hori- 
zon in Menefeie county. (Tlie Oil and Oajs Sand^ of Kentucky, 
by J. B. Hoeing, Bulletin No. 1, Kentucky (ieological Survey.) 
It is probable that the oil and gas struck at the C'aney creek 
well, in Morgan county, came from approximately the same 
horizon; not necessarily the Devonian limestone, but from lime- 
stone immediately beneath the Devonian Black shale and above 
the gn^t mass of Silurian clays.* If the very black shale at 
the depth of 1,028 to 1,035 fc^t is the Sunbury shale, tin ii Ci- 
combined thickness<^ of the underlying Berea grit and Bi^lford 
shale should greatly exceed fifty-two feet, so that the estimate 
of 283 feet for the Black shale must include, at the top, a con- 
siderable quantity of the Linietta shale, at the bast* of the 
Waverly, con'esjmnding, approximately, to the Bedford shale 
of Ohio. The soft blue shale immediately Ix^neath the Black 
shale section, to which a thickness of thirty feet is as«^igned in 
the section, may correspond to the clay at the Knse of this Black 
shale in Bath county, possibly corresponding to the Olentangj' 



*8«e foot nota on following pace.— C J. N. 
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shale of Ohio. At any rate, observations farther west suggest 
an increase, rather than a decrease, in the thickness of the Si- 
lurian clay section toward Morgan county, and these clays, 
therefore, are more likely to be 150 fcH?t than thirty feet thick 
in Morgan county. If that be the case, the sandy limestone of 
the Caney creek well, in which oil and gas were found, may 
represent the limestones immediately beneath the Devonian 
Black shale in Lewis county. This would place their elevation 
among the Silurian limestones above the great mass of Silurian 
clays, rather than below, in the Clinton. This attempt to un- 
ravel the geologj" of a district from imperfect well records is 
largely guess work, but, whatever the truth may be in the case 
of the well in Morgan county, it is certain that elsewhere in 
that part of east central Kentucky here under investigation, the 
Clinton or Brassfield bed is not a source of oil or gas in com- 
mercial (juantities, although littlf* cavities, one or two inches 
in diameter, filled with black oil, are common at many localities, 
eJ^IxH-ially near the top of the Brassfield limestone, and in the 
AVhitfieldella laver.* 



•It Is understood that Professor Foerste's remarks on oil and gas horizoms 
are only tentative, and that they refer only to such observations as \\e had 
opportunity to make In the area traversed by him. As stated by him. the 
Silurian clays should act as a barrier to the upward passage of oils, but, 
of course, they can so act only when they are present, and over a larije part 
of E^astern Kentucky they are entirely absent. It is not only In the Ragland 
field, and In the area east of Irvine, that oil is found in the Devonian limestone. 
OJi or gas is found. In larger or smaller quantities. In the Devonian (Corniferous) 
limestone wherever the latter Is drilled through, unless the drilling Is done 
far enough down a slope for salt water to ocoy.py the horizon. The limestone 
Is very often petroliferous on outcrop. It is important that thfre shall be no 
misunderstanding on this point, and that conclusions presented lj\ the bulletin 
on oil and gas horizons shall not be discredited without ample evidence to 
support the criticism. The questions raised by Professor Foerste were, there- 
fore, submitted to Mr. J. B. Hoeing, whose extended observations made \i\ the 
especial study of our oil and gas horizons (fortified by a very large mass of 
data gathered before and since the publication of his Bulletin on Oil and Gas 
Sands of Kentucky), together with his Intimate association with the drilling 
of the Caney creek well, in Morgaji county, referred to by Professor Foerste. 
place him in a favorable position to discuss the subject. Mr. Hoeing says: 
"In the Caney creek well the Corniferous was struck In its proper place at 
the base of the Black STiale, and the Clinton was struck under the light shale. 
This was the case not only In that well, but in adjolni.ng wells. Both forma- 
tions v?ave oil and gas. Both give more or less oil or gas wherever struck In 
Eastern Kentucky, and both have been drilled through repeatedly and In the 
!«ame wells. They are decidedly different in all their characteristics, and are 
easily recognized. The formation called Clinton in the Caney creek well is 
not above the Silurian clays; the drill does not show the latter below this 
"Clinton" in the Caney creek or In any of the numerous deep wells drilled In 
the several adjoining counties of that section, but. on the contrary, always 
shows the light blue shales just above, as in the Caney creek well. These 
light blue shales are not the shale at the base of the Black Shale, which Pro- 
fessor Foerste Identifies as Olentangy. They are entirely different from It 
In character, are always separated from it by the Corniferous limestone, and 
the two different shales (Olentangy and Niagara or Silurian) have repeatedly 
been drilled through In the same well, and \j\ the order and position as Indicated 
above. No obserx'atlons could he made on the thickness of the Silurian shale 
to the southeast, except In drilled wells, from the fact that It Is everywhere 
under cover. Records of wells from the Ohio river clear around to Powell 
county, and east to the Big Sandy river. In connection with its outcrops and 
exposures on the eastern edge, all show (as mentioned in the Oil Bulletin) that 
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Clinton Outlier on Axis of Cincinnati Geanticline. 

The thickness of the Clinton or Brassfield limestone on the 
eastern side of the Cincinnati geanticline, between Stanford 
and Crab Orchard, varies between 11 and 14 feet. On the 
western side, between Kaywick and New Hope, it varies be- 
tween 14 and 17 feet. Recently an outlier of this limestone, 
14^2 f^t thick, was discovered about half way between the 
nearest outcrops hitherto known, east and west of the crest 
of the geanticline. It is located on Scrub Grass creek, a short 
distance beyond the home of Jim Jackson Edwards, abt)ut 
three miles southwest of Mitchells-burg. Overlying it is a lay(»r 
of limestone, 1 foot thick, containing the large crinoid lieads, 
WhitficUlclla and Stricklandhiia triph\sia)2a. The Devonian 
limejitone is 2^2 feet tliick. Opposite the home of J. J. Edwards 
it is 5V2 feet thick, and the base is conglcmieritic. This is the 



this shale thickens rapidly from its western and southerji outcrops In Clark and 
Powell to a deep trough of the shales in Bath, Menefee, Fleming. Mason, etc.. and 
then thins again, still more rapidly, to the east and southeast and disappears 
entirely in all records before reaching the Big Sandy, on the east, and is quite 
thin to the southeast. The shales are not 150 feet in Morgan county (as 
Professor Foerste supposes); they have been drilled through repeatedly and 
shown to be from 30 to 40 feet thick. All evidence, obtained from a -^reat 
number of wells. In addition to that on Caney creek, goes to show that the 
divisions I/i the Caney creek well record are correct. It should be borne in 
mind that the record of this well is not an imperfect one, but that a com- 
petent geologist examined each sample as It was bailed out of the well. The 
existence of the Berea or Sunbury shale In the Caney creek well is doubted by 
Professor Foerste, because he considers the interval as given between that and 
the Black Shale too small, ajid he assumes that the Linletta has been included 
with the Black Shale. The fact that the interval is less than It Is elsewhere 
does not warrant such assumption, especially In this case, since all of the 
series, from the Berea shale down through the Berea grit, the Devonian shales 
and limestones, and the Niagara shales, are thinning rapidly from their ex- 
posures on the Ohio river south to the locality In questloji. The Berea shale 
and the underlying Berea grit have been followed from their outcrops on the 
Ohio river, in Lewis county, by outcrops and well records to the south and 
found to be thinning rapidly in that direction, but undoubtedly presejit over 
all that area. As to the Linletta or Bedford shale. It was repeatedly identified 
in the Oil Bulletin, and it Is sh'own, In Its thinned down section. i,n the Caney 
creek well as black shale dlrectlv above the Devonian Black Shale. This 
(Bedford) shale is readily recognized and differentiated from the Devonian Black 
Shale either in outcrop or In well records. The thUining down of the Devonian 
is well marked, and the outline of the edge of the limestone is approximately 
drawn on one of the maps accompanying the Oil Bulletin. In the Caney creek 
section, wells on the north side of the anticline ^et a few feet of Cornlferous 
limestone, while wells on the south side get none; both sides, however, show 
Niagara shales in place. The Clinton, as already stated. Is oil and gas bearing 
over a large area. It has never proved, anywhere that I know of, as prolific 
as the Corjilferous. but this does not eliminate the possibility of accumulations 
in the Clinton on a commercial scale, especially In places where structure Is 
favorable and the Cornlferous Is cut out. The conclusions arrived at and the 
divisions drawn In the Oil Bulletin, while not claimed In all cases to be abso- 
lutely correct, are based, not ogn one well record, but on a careful study of a 
great many records, together with the outcrops of the rocks themselves and 
of actual samples taken from w*»ll drillings; they aro helh'vod to be In the 
main correct." It may be remarked that large, solid samples of limestone 
identified respectively as Clinton and as Cornlferous. which have been obtained 
from some of the oil wells, are very different In appearajice; the oil cavities 
are quite unlike, and the rocks differ in other important respects.— C. J. N. 
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locality mentioned by Linney on page 37 of his Report on 
Nelson County. There is a strong unconformity betweeo the 
riint<m and Devonian limestone. This outlier is interesting 
in showing a probable transgression of the Clinton, at least in 
Central Kentucky, across the area now occupied by the axis 

of the Cincinnati geanticline. 
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Heliolites subtubulata-dlstans 3 305 

Heliolites subtubulata-nucella 3 305 

Lyellla eminula 3. 4 306 

Zaphrentis intertexta 7 307 

Zaphrentis intertexta-irvitieiisis 7 309 

Zaphrentis intertexta-juvenis 7 309 

Zaphrentis charaxata 7 310 

Lindstroemia lingulifera 5 311 

Polyrophe radicula 5 313 

Cyathophyllum densiseptatum 6 314 

Cyathophyllum sedentarium 6 315 

Chonophyllum solitarium 7 317 

Arachnophyllum granulosum 3 318 

Arachnophyllum mamlllai e-distans 3 319 

Cystipbyllum spinulosum 5 321 

Calostylis spongiosa 7, 8 322 

Pentamerus oblongus 1 323 

Strieklandinia norwoodi 1 324 

WKitfleldella subquadrata 1 326 

Whitfieldella quadrangularls 1 327 

Chonetes vetusta 327 

Isochilina panolensis 328 

Beyrichia lata-triplicata 320 

The ppooios horo (loscril>e(l include only a few of the more 
rharacteristie forms which, on account of their wide distribu- 
tion in the field under investifi^tion, will serve to distinjruish 
the more important horizons. A fuller account of the faun^i 
must await a future time. 
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Characteristic Fossils of the Silurian Formations of 

East Central Kentucky. 

Chiefly from the AVaco Limestone Horizon. 



MEEKOPORA I5ASSLERI, N. SP. 
Plate 6. fiKS. lA, IB. 

Maximum size of zoarium unknown, but the largest frag- 
ments indicate a length of at least 150 millimeters. Zoarium 
forming thin, flat, branching expansions. Tlie thickness of the 
zoarium varies between half a millimeter and fully two and 
a half millimeters. The width of by far the greater number 
of lobes or branches varies between 10 and 15 millimeters, 
occasionally reaching 22 millimeters at the points of branching. 
Zoarium bifoliate, celluliferous on both sides, with rather broad 
noncelluliferous margins. Aix^tun^s circular, elliptical, or, 
more ccmmouly, obliijue and more nearly V-shapcHl, with the 
perist(;me much elevated on the* ]>o.sterior or postero-lattTal 
sides, where the elevation forms a regular lunarium, pointinl 
distally. Apertures arranged more or less regulai*ly in (piin- 
cuncial order, about 9 or 10 in a width of 5 millinu^ters, m(*as- 
uring ah.ng one of the oblicpie rows, and 8 in the same dis- 
tance measuring longitudinally. ^Maculae occur at intervals 
of alK)ut 5 millimeters; they are rather inconspicuous to the 
unassisted eye, but undcT a hand lens th(\v ai)[)car as well-markcMl 
solid spots, 1 to 2 millinu^ters in diameter, from which the ajxT- 
turc»s radiat(\ In one of the siM'cimc^ns figured the branches 
varv considerablv in width. In smallcT fragments the branch(*s 
retain ap])roxima<(4v the same Avidth for lengths of 30 milli- 
meters. Th(* larg(»r s[)ecimen tiguHMl merely hapix^ns to Ik^ one* 
in which branching 0(*curs at shorter intervals than usual. 
Zooecia tubular. Ap(n*tures oblicpu*; optMiiiig directcHl chi(»tly 
distally or toward the median part of th(^ frond; occasionally 
two or thn^e of the a]>ertur(^ along the i>osterior iHjrdcT of the 
maculae are directed obliquely backward. Occasionally th(* 
peristome rises around the aperture on all sides, forming a 
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small rounded elevation with a tiny apical opening. Ovieells 
m^t recognized. 

L(;cality and position: The specimens figured were found 
north of Estill springs, north of Irvine, Kentucky; they occur 
also east of Pancla; half a mile east of AVaco; a quarter of a 
mile south of Indian Fields; a mile southeast of Indian Fields, 
where the road from Kiddville joins the road from Indian Fields 
to Clay City; at Tipton Ferrj^, and at numerous other locali- 
ties. It is the most characteristic fossil of the AA'aco limestone 
horizon, and I take great pleasure in naming it after Mr. Ray 
S. Bassler, as a slight acknowledgement of the many favors re- 
ceived from his hand. In mv studies of the Ordovician areas 
of Ohio, Indiana and Kentucky, I have received so much as- 
sistance from ilr. BasshT and Mr. John M. Nickles that I 
cheerfully give all credit for the more valuable results to these 
gentlemen. 

FAVaSITES GOTHLAXDICA, LaMARCK. 
Plate 2, figs. lA, IB. 

Corallum in broad, flat discoid expansions, relatively thin 
considering their width. Si>ecimens often attaining a width of 
30, and (x*casionally of 50 centimeters. Thickness varying from 
20 to 50 millimeters. Rase with a concentrically wrinkled 
epitheca, often abs(»nt in weathen^d specimens. Corallites pris- 
matic, sul>equal in the same spcHMmen; usually from 4 to 5, oc- 
casionally 6 millimeters in width. Tabulie flat or slightly 
convex or concave, frequently with marginal crenulations or de- 
pressions, about 12 in numl>er, distinctly developed. Tabulje 
numerous, varying from 10 to 12 in a length of 5 millimeters. 
In vertical sections the tabulae often appear confused and broken, 
and at times even present an appearance suggesting a coarse 
vesicular structure, but the actual presence of such a structure 
could not l>e definitely determined, and it prol>ably does not 
occur. The pres(*nce of septal spines could not be determined 
in the specimens at hand. Pores surrounded by a slightly raised 
rim, difticult to detect in most specimens, either because very 
rare or because they are not well exposed; occasionally seen 
in vertical rows. 

This variety of Favoslte.9 Gothlandica (frequently called 
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Favosites favosa) is remarkable for the thinness of the eorallum, 
considering its width. 

Locality and position: Along the road north of Estill 
Springs, north of Irvine; directly east of Panola, along the road 
south of the railroad; along the road directly north of Vienna; 
southeast of the home of J. T. Elkins, 5% miles south of Indian 
Fields, along the road to Vienna; along the small stream a 
quarter of a mile south of Indian Fields; along the road im- 
mediately north of Tipton Ferry, 2 miles southwest of Clay 
City, Kentucky. In the AVaco limestone layers, of Silurian age, 
Figure lA represents a specimen from Irvine, Kentucky; 
figure IB represents the clos(4y arranged tabulae, but without 
showing the broken and vc^siculose apiwarance of some speci- 
mens. 

Favosites iiisingeri-aplata, n. v. 

Plate 2, flg. 2, and Plate 4, fig. 5. 

Corallum flat, usually in fragments 50 to 100 millimeters 
wide and 10 to 15 millimeters thick; occasionallv 200 to 300 
millimeters wide and 45 millimeters thick. Corallites small, 
varving from .75 to 1 millimeter in width, usuallv slightlv less 
than one millimeter; polygonal. Tabulse at varying distance's 
apart, from 9 to IG in a length of 5 millimeters, occasionally 
as few as 5 in this length. Septal sri)ines numerous, sometimes 
reaching half way to the center of the corallites, but fr(H]uently 
not so well preserved and ther(»fore shorter; pointed and curved 
upward at the end; arrangi^l in 12 vertical rows. Pores small 
and apparently few in nnmlHT. Lower surface of the corallum 
with an epitheca Avhich is concentrically wrinkh^d and striat(Ml, 
and radiately marked by narrow grooves distinctly delimiting 
the corallites. The corallites at the base of the corallum first 
grow parallel to the epith(»ca, and then rise vertically toward 
the surface. 

This is probably the same variety as that identified by C. 
Rominger as Faroslfcs rcnusta^ in his work on Fossil Corals, 
Geological Survey of Slichigan, volume 3, ISTG, plate 5, figure 
3, from Dnimmond Island, ilichigan. Farosifr.s romsta is 
descrilKMl by Ilall a.s having corallit(\s varying from one twenty- 
eighth to one twenty-fourth of an inch in diamett^r, and 12 as- 
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cending spiniforin rays. In our specimens the septaJ spines 
either are not well presened, or aiv characteristically much 
shorter and therefore do not appear as long spines strongly 
curved up at the ends. Moreover, FavositOf it'nusta is described 
as being hemispheric or spheroidal, while our specimens are 
rather flat and discoidal. 

Specimens similar to ours but with slightly wider corallites 
are figured by AA'illiam J. Davis in his Kentucky Fossil Corals, 
plate 8, figures 7, 10. 

For the flat varietv here described the name Farosites hisin- 
ycri-aplata is here proposed. 

Locality and position: Along the road north of Estill 
Springs, north of Irvine; south of the railroad, a short distance 
east of Panola station; a mile southeast of Indian Fields, along 
a road crossing the railroad, a short distance before joining the 
road from- Indian Fields to Clav Citv; two miles southwest of 
Clay City, along the road immediately north of Tipton Ferry. 
The specimen figured, figure 2 on Plate 2, was obtained at 
Irvine. The enlargement, figure 5 on plate 4, under a lens, 
shows traces of the spinules. In the Waco limestone layers 
of Silurian age. 

Favosites declixata, n. sp. 

Plate 2, figs. 4A, 4B, and Plate 4, fig. 4. 

Corallum small, attaining a ^Wdth of 70 millimeters and 
a thickness of 20 millimeters, but most specimens do not ex- 
ceed a width of 40 millimeters. Lower surface with an epitheca 
which is strongly wrinkled and striated concentrically, and 
also marked radially by narrow grooves which limit the bound- 
aries of the corallites where in contact with the epitheca. Cor- 
allites, where in contact with the epitheca, practically hori- 
zontal; thence rising obliquely toward the upper surface of the 
corallum ; apertures polygonal, more or less oblique. AVhere the 
apertures arc* strongly oblique, the vertical diameter may be 
as little as .7 millimeter, while the lateral diameter is 2 milli- 
meters, but usually the obliquity is much less and the differ- 
ences between the diameters less striking:. Near the central 
l>art of the upper surface of the corallum the corallites are ap- 
proximately vertical and the obliquity of the apertures is less 
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evident Tabulae present; rather distant, about 4 to 5 in a 
length of 5 millimeters. In vertical sections tlie obli(|ue growtli 
of the corallites from the epitheca to the upper surface of ttie 
corallum is distinctly shown; the tabuUe usually occupy a posi- 
tion intermediate between the horizontal and one at right angles 
to the direction of the corallites; tabula? often convexly curved. 
Inner walls with numerous granules which in some spi^cimens 
are verj^ well preserv(*d and in others are less distinct. In 
8ome very well preserved specimens the granules are distinctly 
arranged in transverse and in longitudinal lines, the transverse 
lines being parallel to the tabulae. In other si)ecimens only the, 
longitudinal lines, or only the trans\'erse arrangement, is r(»adiiy 
distinguished, while in some specimens the arrangeim^nt is 
rather irregular. The number of longitudinal rows varies be- 
tween 18 and 24. Granules occur al^o upon the upper side of 
the tabulfe in some specimens. Corallites sulxHiual, averaging 
2 millimeters or a little less in width at tlie aperturc^s; rarely 
longitudinally wrinkled, never with distinct longitudinal ridgcs, 
as in species of A Ivcolitcfi. 

Locality and position: Along the road nortli of Estill 
Springs, north of Irvim*; east of Panola, along th(» road south 
of the railroad ; half a mile (»ast of Waco, where the road to Cobb 
P>rry turns off from the pike to Irvine; two mib^s stmthwt^st 
of Clay City, along the road immeliately north of Tipton FiTry. 
In the Waco limestone layers, of Silurian ag(^ Figures 4A and 
4B on plate 2 re prescMit specimens from Irvine, Kentucky. An 
enlargement is shown in figure 4, plate 4. 

Syrixoolitks iit'koxknsis, IItxde. 

Plate 2, fis. 3, and Plate 4, fig. 2. 

Corallum flat, or gently conv(»x, attaining a width of 120 
millimeters and a thickness of about 15 millimeters. T.ow(»r 
surface with an epitheca wrinkled and striated concentrically, 
and markcnl by flat radiating linens and also by narrow bnt dis- 
tinct radiating grooves limiting the bonndaries of the basal parts 
of the corallit(»s. The corallit(»s are horizontal wh(T(^ in con- 
tact with th(» epitheca and th(»n rise vei*tically toward the upper 
surface of the corallum. Corallites ]X)lygonal, 2..^) millimetcT;- 
in width. Tabuhr abont 10 to 13 in a length (^f 5 millimetei^. 
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sloping downward tuward the center; upper surface of the 
tabulflB covered by numerous granules irregularly arranged in 
J 2 radiating sets indistinctly defined from each other. In no 
case are the granules arrangtnl in distinct radiating rows as in 
the figures given by Nicholson in his Tabulate Corals. This 
granulated surface may be traced as far as the center of the 
corallites in well-preserved specimens. Vertical sections, how- 
ever, show that the tabula? have a funnel-shaiK^d form, ending 
at the center in a narrow tube, the tul>es of different funnels 
uniting so as to form a continuous central tube. This tul>e is 
crossed by horizontal plates which appear to be more numerous 
than the tabula*. It is probably due to these horizontal plates 
within the tubes of the invaginating funnels that the apertures 
of the tubes are not readily detected on the upi>er side of the 
tabula* of well-preserved specimens. The lower side of theni* 
invaginating funnels usually is well exposed on the lower side 
of strongly weathered coralla. The tubular basal part often 
remains on the upper side of strongly weathered six^cimens as 
a small, central, sharply elevated tubular wall or ring. The 
diameter of the continuous funnel varies from .75 to 1 milli- 
meter. In some specimens granules are seen on the inner walls 
of these tubes, and granules appear also on the inner walls of 
the corallites, irregularly arrang(*d. 

Judging from the description of Sffrinffolifrs huro7)rn.si^ 
given b}' Lawrence M. I-^mbe, in his Revision of Canadian Pa- 
heozoic Corals, part 1, page 45, our specimens are identical with 
the type specimens from ilanitouaning, Grand !Manitoulin 
Island, in Lake Huron. lie staters that the septa ccmsist of 
small Kpinif(>rm bodies present in large numbers and apparently 
without definite order on the inner walls of the corallites, and 
that spines similar to these in size and shape are e(iually abund- 
ant on the upper surface of the tabula* and extend into the 
tulM\ If instead of spines the word granule s be substituted tlui 
description would fit our specimens very w(»ll. 

Si/rhif/olitcs huroncna'iis finds a near r(^lativ(» in Rocmcria 
I'll 71 th inn a, Lindstroem, from the Silurian of (Gotland, Sweden, 
from which it differs chi(»fly in the greatcT r(»gularity of the 
funnelf!, which never are abs(»nt in the Anu»rican species, and 
in th(* radiate arrangement of the septal granules along the 
flat lK)ttom of the cahces. 
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Locality and position: Two miles southwest of Clay City, 
along the road inunediately north of Tipton Kerry; a mile 
southeast of Indian Fields, east of the home of Brownlow 
Bruner, where the road from Kiddville joins the road from 
Indian Fields to Clay City; half a mile east of AVaeo, where 
the road to Cobb Ferry starts off from the pike to Irvine; 
along the road north of Estill Springs, north of Irvine. In 
the Waco limestone layers, of Silurian age. Figure 3 on plate 
2 represents a specimen from Tipton Ferrv. Figure 2 on plate 
4 is an enlargement of the same. The radial grouping of the 
septal granules is shown indistinctly. 

IlELlOLITKS SPONCIOSA X. SP. 
Plate 3, fig. 3; Plate 4. fig. 6; and Plate 5, fig. 5. 

Corallum apparently in the form of a flat discoidal mass, 
of which only a part is pres{ ned in the si>ecimen describ(»d. 
CcTallites vertical in this specimen, but the 1ow(t, epithecal part 
of the corallum is not present. Corallites averaging about 1.5 
mm. in diameter, and about 2 mm. apart. The spaces Iw^tween 
the corallites are occupied by numerous polygonal tubules, par- 
allel to the corallites. As seen on the upi)er surface of the 
corallum, the tubules are very irregular in size and arrangement, 
producing a sort of sj>ongiose appearance, which is regarded 
as the distinguishing characteristic of this species. Some of th(* 
tubules are fully half a millimeter in diameter at the surface, 
while others are scarcely a third or even a fourth as wide, and 
have, therefore, scarcely a ninth of the cross-sectional area. The 
horizontal tabula* in the corallites are ratlua* regular in disjx)- 
sition, and numl>er al>out 15 in a length of 5 mm., while the 
tabulje in the tubules number about 22 to 25 in the same dis- 
tance. As in all other species, howc^ver, there is a considcTable 
variation in the distance betw(*en the tabula\ The edg(»s of th(» 
calyces are not mised al>ove the general surface of the corallum ; 
and both large nnd small apertures of tubules are in contact 
with these edges, the calvces not being surrounded by a narrow 
radiate l>ord(*r. No s(^pta were d(»tect(Ml in tlu» corallittv-;, nor 
could the presence of septal spines be determined by an (examina- 
tion of the exposed parts of the corallite tubes, although the 
possibility of their appearing in cross-sections of the corallum 
is not altogether excluded. 
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Distinguished from other species of HcUoUtes^ as far as 
known, by the »pon«i:iose appearance of the upper surface af the 
corallum, the absence of septa witliin the corallites, and, appar- 
ently, also by the absence of a distinct exsert marginal rim 
where the corallites reach the surface. 

Locality and position : Found along the road north of Estill 
Springs, north of Irvine, Kentucky, in the Waco limestone lay- 
ers, of Silurian age. The (enlargement on plate 4 in figure 6 
shows distinctly the irregular size and arrangement of the inter- 
stitial tubules. 

Heliolites sp. 

Plate 3, fig. 4. 

Corallum in form of a discoidal mass, with a concentrically 
wrinkled epitheca beneath. Corallites scarcely one millimeter 
in diameter, from one to nearly two millimeters apart. The 
spaces l>etween the corallites occupied by polygonal tubules, 
about six or six and a half in a width of tAvo millimeters. 
Tubules approximatt^y of CMpial size. Corallites apparently 
with short septal spines along the inner walls, extending toward 
the center ahmg the horizontal tabuhe, but not sufficiently pre- 
served for ac(*urate study. The surface of the specimen is 
weathered; in this condition it shows no evidence of the margins 
of the corallites having lK*en raised slightly al>ove the general 
surface of the corallum, nor of a central elevation in the coral- 
lites (due to the convergence of upward directed septal spinules) 
as in the case of HcIioIitcs hitcrstincta. Probablv a distinct 
speci<»s, charact(Tized« by its discoid growth, small corallites, 
and relatively large tubules. 

Locality and i)ositi(m : Found along the road north of Estill 
Springs, north of Irvine, Kentucky, in the Waco limestone lay- 
ers, of Silurian age. 

Heliolites sruTrnrLATA (?), ^IcCoy. 

Plate 3, figs. 5A. 5B. 

Corallum flat, 00 or more millimeters wid(» and 10 milli- 
meters thick in the specimens at hand; prolwibly attaining a 
much larger size. Tx)wer surface with a concentrically wrinkled 
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epitheca* Carallites circular, averaging .75 millimeters in diam- 
eter, and usually from 1.5 to 2 millimeters distant from each 
other. The interstitial tubules are polygonal; at the surface 
of the corallum about 8 or 9, sometimes 10, aj^ertures are h(H n 
in a width of 2 millimeters. Horizontal tabular in the coral- 
lites number about G to 8 in a length of 2 millimeters; 9 to 11 
occur in the interstitial tubules in a length of 2 millimeters. 
The margins of the calices rise slightlj- alyove the general sur- 
face of the corallum. S<^ptal ridges or spinules, if i)ri»sent, nt t 
distinctly n^cognized. In the figure of HcHoHtcs snhtubiiluta, 
published by C. Kominger, in volume 3, of the Geological Surv( y 
ef Michigan, in 187G (plate 1, figure 4), the tubules are ar- 
ranged in parallel rows, best shown by the figure of the specimen 
from Drummond Island, Michigan. In our specimens, rei)re- 
sented by figure 5B, the arrangement is much less regular, al- 
though in some specimens the tubules are an^anged in approxi- 
mately paralhd lines for short distances. It is not known 
whether the parallel arrangement of the tubules is constant in 
the Drummond Island specimens. 

Usuallv identified with HcHolltcs suhfuhulaia, M(*Cov, from 
the Wenlock limestone of England, but dilTcM'ing from the \y\n^ 
specimens in the smaller size of the corallites, the greater* dis- 
tance Ix^tween them, and the absence of any unusual thickness 
in the case of their walls. Provisicmally, our specimens may 
be known a^i HcUoJUch suhfuhiilatd'dlstans. 

In a si^cond group of specimens pr(»senting about the sam(^ 
features as those just descrilKMl, the coralla increase in height 
rather than in width, traces of an epitlu^cal structure being 
shown at different levels on the steej) sides. In tho sixM-iiiieii 
figured here, figure 5A, the coralhim attains a width of 20 milli- 
meters and a h(Mght of 17 millimeters. The tnbnh^s nrc^ ar- 
ranged in a rather irregular manner, about 8 or 9 occiijiy a 
width of 2 milliuK^ters. 8ei)tal spinul(»s sli(>rt, not distinctly 
recognized. Provisienally tlu^se specimens may be known as 
Hcliolitrs }<nhiu^iuhiin-nu(rUa, 

Locality nnd positiiMi: The larger, flat and relatively thin 
specimens (Hrliolifcs suhtKhidafa-di'SffUhs) wer(» f(rund half a 
mile east of Waco, and along the road north (^f Estill Springs, 
near Irvine, K(»ntucky. Th(» small and n^lativc^ly thick speci- 
mens (HcIioHtcs suhti(hnIat(hui(ccUa) Avere found north of 
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Estill Springs. All occur in the Waco limestone layers, in the 
Silurian. 



Lyellia eminula, n. sp. 

Plate 3, flg. 6; Plate 4, flg. 3. 

Corallum with upper surface flat or moderately convex; in 
the type specimen, expanding:: from a narrower base so as to 
reach a width of 40 and a height of at least 25 millimeters. Cor- 
allites varying in width from 1.2 to 1.5 millimeters, and from 
.75 to almost 2 millimeters apart. The edges of the corallites 
are raised slightly alx)ve the general surface of the corallum. 
Septa twelve in numher, consisting of carinje bearing stout 
spines, which in the si>ecimens examined appear to be short but 
conspicuous. Interstitial spaces filled with vehicular structure 
consisting of convex plates resting on each other in such a man- 
ner as to form somewhat lenticular cavities varjing in width 
from 1 to 2, occasionally 3, millimeters. The type is repre- 
sented by figure on Plate 3, and fij^ire 3 on Plate 4. The sur- 
face of anotlK^r specimen, not the type, reseimbles that of 
HvUoUtcs, the intercalicular surface being marked by numerous 
small pits having polygonal outlines, at first sight snggc^sting 
the presence of intercalicular tubules as in HcUoVitis. The pits 
n^apjK^r on laycTS at different levels; they are «ej>arated by 
raised and fairly sharp l>orders. About four and a half to Ave ov- 
cur in a width of 2 millimeters. A similar structure is revealed 
by a lens in Li/rllia aincricana, figure 1, plate 2, of C. Iloming»>r's 
Fossil Corals, published in the third volume of the Geological 
Survey of Michigan, in 1876. The appearance is that of a bry- 
ozoan incrusting the surface, but leaving the apertures of the 
corallites free. 

Tliese forms may be regarded as small varieties of Lyellia 
americana, with corallites of smaller diameter, with shorter sep- 
tal spines, and smaller vesicular cavities in the interstitial 
spaces. The edges of the calices do not bear a circle of twelve 
rounded tubercles, and no rounded tubercles are ol>served on the 
intercalicular surfaces. It will be noticed that these statements 
involve chiefly negations of characteristics seen in well-pre- 
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served specimens of Lyellia americana, or the developinent of 
certain of these characteristics on a smaller scale. 

Locality and position: Found along the road north of Estill 
Springs, north of Irvine, Kentucky, in the Waco limestone lay- 
ers, of Silurian age. 

Flat specimens occur, having a width of 65 millimeters, and 
a height of less than 10 millimeters, with a concentrically 
wrinkled epitheca. The corallites are often 3, and even 4, milli- 
meters apart. The septal ridges or si)inules are much less ])r(nn- 
inent; the vesicular cavities are smaller, and the intercellular 
pits on the intercalicular surface are always well preserved. 
This may be a distinct species. It is well represented by figure 
1 on plate 4, and by figure 4 on plate 5, lM)tli of wliirli are en- 
largements. It occurs in the Waco limestones, half a mile east 
of Waco, where the road to Cobb Ferry leaves the Inine jiike. 

Zaphrentis intertexta, n. sp. 

Plate 7. f5ss. lA. IB. 

Corallum simple, conical, curved. In the specimen showing 
the interi(;r of the calyx, the distance from the Ixise of the cor- 
allum to that part, of the exterior of the corallum which is on 
a level with the twistcnl center is alxmt 55 millimeters wh(»n 
measured along the convex side, and scarcely 30 millimet(Ts 
when measured along the concave side; the width of the corallum 
at this level is 43 millimeters measured transversely, and 37 
millimeters measured from front to rear parallel to the si*ptal 
fossette. In a second sp<*cimen, not showing the interior (f the* 
calyx, the length from the l>ase of the corallum to the edgi* of 
the calyx is 80 millimetei^s measured along the convex si(l(», and 
43 millimeters measured along the concave side of the eoralhim ; 
the width of the top of the corallum is 35 millimeters nu^asuved 
transversely, and 50 miHim(»ters from front to r(^*.ir, but Ww 
corallum has l>een compressc^d laterally. Its orij::inal dini(»!i- 
Ricms were probably al>out 45 millimeters mejisun^d transversidy, 
and scarcely 40 milliin(»ters measured from front to rear. Ei)i- 
theca complete, with longitudinal septal furrows moderatcdy dis- 
tinct. Septa numlyering about flO, alternat^dy long and short; 
of these the longer septa extend toward th(^ cc^iter, uniting, 
twisting and crossing each other, so as to fonn a broad, convex, 
irregularly reticulated mass at the lx)ttom of the calyx, re- 
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senihling the pseudo-columella of ^trcptclasina rasticum-canor 
densis, Jndgini; from a comparison of the t\vx> specimens here de- 
scribed, the depth of the calyx is about 21 millimeters, in speci- 
mens of this size. A distinct septal fossette is present on the 
convex side of the corallum, extending up the neigbboring part 
of the pseudo-columella. Along that part of the pseudo-colum- 
ella Ix.rdering on the septal fosette, the edges of the primary 
septa are much less conspicuous. 

The species is believed to be closely related to Zaphrentis 
aSYoAcwi', from the Silurian of Drummond Island, in L#ake Huron. 
Compared with the typical forms, our specimens are much less 
elongated, and widen more rapidly from the base. The number 
of septa is conspicuously smaller. Moreover, in our specimens, 
the primary septa not only curve on approaching the center, but 
they cross each other in an irregular manner. The edges of the 
septa on the pseudo-columella are much coarser, but this may 
not l>e a (*onstant character. Compared with Zaphrentis umhon^ 
Ufa, Kominger, frcm the Silurian of Michigan, our specimen has 
a broader and k^«« prominently elevated pseudo-columella; 
moreover, this ps<*udo-cohimella is not laterally compressed. 
The larger size, the greater number of septa, and the dis- 
tinct septal fossette s(Tve to distinguish it from Utrepti*!' 
af<ma sponyiwifiy Komiiijior, from the Silurian of Point Detour, 
ilichigan. Our »iMnimen may be only an extreme phase of 
some sj)ecies. In tlie present stage of information, it appears 
sufticientiv diflferent to receive a distinct name. 

Locality and position: Along the road north of Estill 
Springs, north of Irvine, Kentucky; two miles scmthwest of Clay 
(^ity, along the road immcHliately north of Tipton Ferry. In 
the Waco limestone layei>!, of Silurian age. 

Zapiiukntis ixtkrtkxta. vakikties or young. 

Plate 7, figs. 5A, 5B, 5C, 5D, 5E. 

Asso<'iat(»d with the type s]>e( imens of Zaphrentis intertexta 
are comi)arativ(*ly numenjus smaller specimens having the same 
g(»neral exterior form and apix^arance, but the twisting and 
crossing of the primary s(»pta at the center of the calyx is less I f 

conspicuous, th(»re is no very distinct convex eleyation forming I tv 

a ijscudo-columella, and the edges of the septa are thinner. The 
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septal fossette is always distinctly develoi)ed. Specimens of this 
type frequenrtly attain a width ot 35 niillinictei-s. They ai-e re- 
garded a« being merely younger states of ZaiJircntis Intcrtcwta. 
They occur not uncommonly along the road north of Estill 
Springs, north of Inine ; east of Panola station, along the road 
south of the railroad ; half a mile east of AVaco, Avhen* the road to 
Cobb Ferry turns otf from the pike to Inine. In addition to these 
specimens there are others whose affinities are not so readily 
determined. Figures 5A and 5B illustrate specimens in which 
there is no distinct evidence of the interlacing of the inner ends 
of the septa into a pseudo-cH>lumella. On the contmry, the 
median posterior and anterior septa apparently join so as to 
form a single continuous septum across the calyx, from front 
to rear, nearly straight in figure 5A, but distinctly bent into 
an open sigmoidal curve in the second specimen, of which a 
lateral view is presented in figure 51V. This median septum is 
approached, but not crossed, by the other septa, on eadi si<le. 
Where the median septum is straight, in passing across the 
middle of the calyx, the other septa are nearly straight. \Vh(a*e 
the median septum is strongly bent, the inner ends of the other 
septa are more distinctly flexuous on approaching the ceutia* 
of the calyx. A somc^what similar condition is representcnl by 
figure 5D, in which, however, there is no continuous medium 
septum from front to rear, and the numlxa' of primary septa 
does not exceed 3(5. 

Figure 5C illustrates one of the smaller specimens from 
Irvine, weathered so as to show^ the wh(;le of the uppermost 
tabula extending entirely acro^ss the corallum. This tabula is 
nearly flat, bending downward at the margin, and descending 
much more strongly into the septal fossette. Tin* middle of the* 
fossette is marked by the edge of one of the primary sc^pta. The* 
inner edges of the oth(*r s(»]>ta are moderat(»ly flexucms and show 
faint evidences of interlacing. The number of primary sei)ta 
is about 35. 

Taken by themselves, the specimens represented by figures 
5A and 5B, and those n^prescmted by 5C, 5D, and 5E appar(»utly 
form at least two distinct sjKH'ies, but apparently they are con- 
nected by nuuK^rcms intermefliate forms. For thf^ first S(*t, pro- 
visionally, the name Zaphrrnfis intcrtcrta-irrhirnsi.s is suggest- 
ed, and for the second, Zaphrcnti^ intcrtcxta-juvvniif. The latter 
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may be identical with Zaphrentis hilateralis, Hall, and not at 
all closely related to Zaphrentis intertexia, but this can not 
be determined until enou«»:h specimens have been collected, at 
all stages of growth, to be able to identify the young of inter- 
texta with confidence. • 

Zaphuentis charaxata, n. sp. 

Plate 7, figs. 4A, 4B, 4C, 4D, 4E. 

Corallum small, simple, curved. Length from 15 to 20 milli- 
meters; maximum width about 15 to 18 millimeters; depth of 
calyx about 6 to 7 millimeters; the greater part of the calyx 
usually is worn away in the specimens at hand but the base of 
the calyx with the edges of the septa and the septal fossette 
frequently are well exposed. Numl)er of primary septa usually 
between 28 and 33; intermediate between the^ is an approxi- 
mately equal number of secondarv^ septa. Primary septa usually 
Ktrongly thickened on approaching the walls of the calyx, and 
coalescing there so as to produce the effect of thick-walled cor- 
alla. Secondary septa also thickened along the walls of the 
calyx, but usually seen only along the upper part of the calyx 
and not extending more than a short distance toward the cen- 
ter. In some specimens the space between the primary and 
F(»condary septa is so small that the secondary septa can not 
be recognized readily; this contributes to the thickened appear- 
ance of the walls of the coralla. In a few exceptionally well- 
preserved specimens the sides of the primarv' septa were marked 
bv transverse and ratluT coarse striations. These striations 
apparently are In^tter developed near the walls of the calyx 
than near the edg(*s of the septa. Exterior of the corallum 
marked by rath(T faint longitudinal grooves which on slightly 
w(»athered sjyecimens appear as zig-zag lines dividing the sur- 
face into small polygonal facets arranged in more or less quin- 
cuncial order. These facets, polygonal or more irregular in out- 
line, are well shown bv strongly weatherc^d surfaces and their de- 
velopment prolmbly has some indirect connection with the trans- 
verse striations on the septa. No denticulations were si^en along 
the inn(T edges of the septa. Median septal fossette well develop- 
(m1 on the convexly cuned side of the corallum. Two of the pri- 
mary septa l>ordering on the fossette, one on each side, unite 
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at the inner end of the fossette so as to fonn a curve like the 
rounded end of a horse Sihoe, against which the otliin* primary 
septa, coming from all directions, terminate. In mo>st speci- 
mens only a single primary septum and the corresponding sec- 
ondary septa are seen along the farther end of the septal fos- 
sette, but in one spc»cimen two primary and three secondary 
septa were found in this position. The inner ends of the septa 
cm approaching the septal fossette may partially coalesce so as 
to form a rather irregular but comparatively smooth area. In 
other cases the edges of the septa may l>e distinguished as fai* 
as the borders of the sc^ptal fossette. In a few cases they form 
a small nodulose area, bordering the inner end of the fossette, 
suggestive of the nodulose irregularities at the center of the 
calyx of young specimens of Streptelasma. The distinguishing 
features of this sj^ecies, in the area where found, are its small 
f;ize, distinct median septal fossette, tliick walls, and the facetted 
appearance of the epitheca even in little worn specimens, becom- 
ing verj' distinct in more weathered specimens. Compared with 
HPreptclasma patula, described by Rominger from the Silurian 
of Drummond Island and Point Detour, in Lake Huron, our 
specimens are more curved, have a more pronounced septal fos- 
sette, and smaller primary septa, leaving room, for a wider cali- 
cular cavity. 

Locality and position : All of the specimens figured are from 
the locality along the road north of Estill Springs, north of Ir- 
^ine, Kentucky; si)ecimens occur also a short distance east of 
Panola, along the road soutli of the railroad. Found in the Waco 
limest(;ne layers, of Silurian age. 

LlXDSTROKMLV LINCiULIFERA, X. SP. 
Plate 5. fijs. 2A. £6. 2C, 2D, 2E, 2F. 

Corallum small, simple, curved. Height usually not over 15 
millimeters, but sometimes reaching 17 millimetiTS. Exterior 
marked by fine longitudinal grooves corr(»sponding in number 
to the septa within; also with numerous fine, transverse, con- 
centric stria^. Primary septa varying in numlx^r from 27 to 33, 
uniting at the center of the calyx into a vertical, laterally com- 
pressed, linguliform columella, or, at least, forming a conspicu- 
ous ridge toward which the other septa converge. A median 
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septal fossette is found on the posterior side of the calyx; in 
ui(>st specimens this fossette is comparatively shallow and in- 
distinct, but usually the priman- septum occupying this fossette 
does not extend quite as far toward the interior of the calyx as 
the other primary septa. Secondary septa present, but not con- 
spicuous on account of a thick deposit of sclerenchym on the 
inner walls of the corallum, between the bases of the S(epta, thus 
producing the api>earance of a thick-walled corallum. This 
sclerenchym also partly fills in the base of the visceral chamber. 
Tabu he few. 

This species may be distinguished from Lindstroemia gaincsi, 
W. J. Davis, from the Clinton, 12 miles east of Louisville, Ken- 
tucky, by the less conspicuous secondary septa, caused by the 
much tliicker deposit of sclerenchym on tlie inner walls of the 
(•(;rallum. Limhtrocmia uisconsinensis^ Whitfield, from the Ka- 
cine limestone (Silurian) of Wisconsin, is a much larger spi^cies. 
The tyiK* species, Lindsti'oemia tlahnani, occurring in the Siluri- 
an of Gotland, Sweden, is of intermediate size. The genus is 
chiefly Silurian, but Lifuhtwemia siihduplk^ta occurs in the 
Caradoc of Ayrshire, England, near the top of the Ordovician; 
it apparently is closely relateil to the Kentuckian forms. The 
genus ai)pears to have had its origin in very early Ordovician 
tim(»s. At any rate, a rugose coral with a laterally compressed 
linguliform colum(»Ila, labelled as coming from the Birdseye 
and Black river limestone at the Petite Chaudiere rapids, at 
Ottawa, Canada, occurs in the JIuseum of the Canadian (teologi- 
cal Suney. This specimen, e<iual in size to the Kentucky Siluri- 
an s[M*(imens, here descrilnxl, is conical, moderately cun'ed, has 
30 primary septa, an e<iual numlx^r of secondary septa, a rather 
indistinct septal fovea, and no readily perceptible deposit of 
Fvh renchym. For this species, here associateil with Petunia 
profififduni^ the name Lindstrormia irhitrarrsi is proposed. 

Locality and position: Figures 2A, 2R are from i^peciniens 
found a sliort distance east of Panola, along the road south of 
the railroad. Figures 2C, 2D, 2E, 2F are from specimens found 
r.long the road north (>f Estill Springs north of Inline. This 
sp(*cies occurs also half a mile east of Waco, where the road to 
Cobb Ferry turns off from the pike to Irvine. In the Waco lime- 
stones, of Silurian age. 
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POLYOROPHB RADICULA, X. SP. 

Plate 5, figs. 3A-3E. 

Corallum resembling in form the specimens identitiiHl from 
Louisville, Kentucky, as ('yuihophjjllum radknla by \\\ J. 
Davis (Kentucky Fossil Corals, plate 8(5, figures 2, 3, 4, 5, 
published in 1885), but structurally distinct both from that 
species and from typical forms of Cf/alhophi/Uum radicida 
as descril>ed by C. Kominger from the Silurian of Drummond 
Island, Michigan. 

Corallum simple, attaining a width of 10 to 12 millimeters 
and a length of 30 millimeters, usually less. Transversely 
wrinkled and constricted owing to calicinal rejuvenation; the 
edges indicating former positions of the calyx frcipiently ar(> 
distinctly visible as narrow encircling rings eilged on the up- 
per side by the septal denticles, prt)ducing an appearance^ a 
little like the milled edge of a coin. Growth often only moder- 
ately curvKl or nearly straight, but frequently strongly and ir- 
regularly curved or bent. Surface of the epitheca marked by 
longitudinal lines corres[X)nding to the septa in number. In 
some specimens minute gi'anules occur along these septal stria>, 
usually in the form of a single row of rather distant granubss 
along each septal line. In other specimens these granules can 
not be distinguished. In addition to the coarser markings, fine 
transverse striae often are present. 

Septa, alM)ut 00 to 70 in number, very narrow, extending 
but a short distance from the walls of the calyx, rei)resented 
chiefly by vertical series of rath(»r prominent d(Mi(icl(»s. Tin* 
broken walls of the corallum cH'casionally apj>ear rather tbi( k, 
almost a millimet(»r in some cases, suggesting the presiMice of a 
thick deposit of sclerenchym, on the inner walls of the coral- 
lum, lK\vond which the d(»nticles project. In other sp(M*im(»ns; 
these walls do not exc^ecnl one-third of a millimeter in thickness. 
There appears to l)e no evid(»nce of the presence of dissepim^Mit^. 
Tabula? rather distant, ext(»nding across the entin^ width of 
the corallum. TluMr direction varies from diriM-tly trans- 
verse to oblique, depending U])on the direction of the -al'i 
cular ai>erture at the time of tluMr formation. Tnbube comparjv 
tively flat in the specimens at hand, covered on thc^ upper side* 
with more or less distinctly radiating lines of coarse granules 
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which evideutly are continuations of the vertical rows of s;'pta] 
denticulatious on the inner wails of the corallum. These ji^raii- 
ules are present over the entire upper surface of the tabula*, but 
their arrangement in rows may be better detected in the more 
peripheral part as a rule. The lower side of the tabulae appeam 
to be smooth. 

While possessing the generic characteristics of the type 
species, Pohjorophe glabra, Lindstroem, from the Silurian of 
(rotland, Sweden, our si>ecimens present a widely different ex 
temal appearance. They are much smaller, cylindrical rather 
than conical, and do not possess the lateral, radiciform <mt- 
growths of the epitheca; moreover, the Kentuckian specimens 
never show evidences of branching nor are united into colonies. 
Aphj/UoHtyhiH graeiUus, Wliit4^ves, from the Silurian of Mani- 
toba, possesses the septal denticles along the inner walls of the 
corallum, but not the more or less radiately arranged granules 
on the upper sides of the tabulae. 

Locality and position : The specimens represented by figures 
3 A, 3B and 3E are from along the road north of Estill Springs, 
north of Irvine, Kentucky; those used for figures 3C and 3D are 
from half a mile east of Waco, where the road to Cobb Ferry 
turns off from the pike to Irvine; specimens occur also a mile 
southwest of Indian Fields, where the road from Kiddville joins 
the road from Indian Fields to Clav Citv. In the Waco lime- 
Ftope layers, of Silurian age. Figiirc^ 3A and 3B are enlarge- 
m(»nts; owing to the angle at which the views were taken, the 
specimen represented by these figures appears to be conical, but 
this is the efl'ect of fore-shortening. 

CYATHOPHYLLI'M DKXSISKPTATl'M, N. SP. 

Plate 6. figs. 2A-2F. 

Corallum simple, of moderate size, cun-ed, attaining a length 
of 75 millimeters measured along the convex side, and a width 
of 30 millimeters at the top of the corallum. Epitheca very thin, 
usually removed by weathering; marked by low, flat longitudinal 
and rather inconspicuous rugfp corresponding in number to the 
septa within, also by numerous fine transverse striations, and 
ccarser growth lines and wrinkles. Calyx rather shallow, speci- 
m(»ns 28 millimeters wide having calices with a depth of 8 or 9 
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millimeters. Septa about 90 in full grown specimens, only the 
primary septa reaching the center where the ends are more or 
less twisted and slightly raised above the immediately surround- 
ing part of the bottom of the calyx. An inconspicuous septal 
fossette occurs on the convex side of the corallum, occupied 
usually by one primary and two secondary septa. Dissepiments 
small and numerous, curving upward and outward between the 
septa and appearing in longitudinal sections as a dense vesicu- 
lose tissue. In cross-sections the septa vary between slightly 
convex and V-shaped on the side facing the exterior of the cor- 
allum. 

Locality and position: All specimens here figured, except 
that represented by figure 2E, are from along the road north 
of Estill Springs, north of Inline, Kentucky; figure 2E repre- 
sents a specimen from east of Panola, along the road south of the 
railroad ; specimens occur also half a mile east of Waco, where 
the road to Cobb Ferry turns off from the pike to Irvine; two 
miles southwest of Clay City, along the road immediately north 
of Tipton Ferry; a mile southeast of Indian Fields, where the 
road from Kiddville enters the road from Indian Fields to Clay 
City, south of the railroad; a quarter of a mile south of Indian 
Fields, where the road crosses a small stream. In the AVaco 
limestones, of Silurian age. 

CYATHOPHYLLI'M SEDENTARIT'M, X. SP. 
Plate 6, fiss. 3A. 3B, 3C. 

Corallum more or l(»s..' flattened transverselv, in extreme 
cases one of the horizontal diameters may eciual fully twice 
that at right angles to it. The plane along which this flatten- 
ing is most developed appears to be approximately lateral or 
diagonal to the plane of the septal fossette, but this can not l>e 
determined satisfactorily from the sp<Mnmens at hand. This flat- 
tening appears to be (*onnect( d with the method of supjHirt. In 
young specimens radiciform extensions of the epitheca a])p(ar to 
develop on the inclined side of the corallum, attaching the latt(»r 
to some support. With increasing age this side of the corallum 
often developed to such an extent a« to form a comparatively 
long and flat area of attachment bordered by the radiciform 
wrinkles of the epitheca. The growth wrinkles and striations 
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of the epithwa curve downward toward the distal end of the 
basal attachment. In addition to tliese siK»ciniens, considered 
more characteristic of the spcH'ies, there are others which have 
\rdinary pointed bases or narrow areas of attachment, with a 
f(»w radiciform epith(»cal appi*nda<^(*s farther up. In still other 
spc(*im(Mis no radiciform appi»ndaj?es were seen. Corallum 
marked bv very irre<i^ilar transverse wrinkles and growth lines, 
the result of calicular rejuvenation. Epitheca thin, strongly 
markcHl bv transverse wrinkles and striie and indistinctlv 
mark(»d by longitudinal low lines corresponding in numlK*r to 
the s(»pta. Septa al>out 100, alternately larger and smaller, only 
the former n»aching the cent(»r of the calyx, where the inner 
ends are slightly twisted. In some specimens no septal fossette 
could be detect(Ml, in others a verv- indistinct one app<*ared t4> ex- 
tend obliquely toward the rear of the calyx. Calyx rather shal- 
low : about 10 millimeters in depth. In most specimemi the mar- 
gin of the calyx slopes obli(iu(*ly toward what is here called the 
front of the corallum. Diss<»piments small and numerous, 
curved upward and outward in longitudinal sections, and slight- 
ly curved, strongly conv(*x or even V-shai>ed in transverse sec- 
tions. Along a very thin zone, in imm(*diate contact with the 
epithe(*a, tlu^se snuill dissepnnents are replaced by much larger 
(;nes, the concave surfaces of which are longitudinally lined with 
low s(»ptal ridges, while the septa fnHjuently are more op less 
obsolete. In consequence, the moderately weathered eoralla, 
from which only the epitheca has l>een removed, frequently re- 
semble the weather(»d surfaces of spe<*ies of Blothrophyllum. The 
ext(»nsion of the septa to the center of the corallum, and the ab- 
sence (;f large, strongly tabulje in this part of the specimens is 
sufficient evidence that our specimens are not genuine spec'imens 
of niothrojiht/Ihim. Tabula? in our specimens are comparatively 
:nc(jnspicuous. 

Locality and position: All specimens here figured came 
t^i'iw al(»ng the roiid north of Estill Springs, north of Irvine* 
Kentucky; s]M»clmens occur also east of Panola, along the roa^l 
scuth cf the railroad; half a mile east of Waeo, where the road 
to C'obb Ferrv- turns off from the pike to Irvine. In the Waco 
limestone layers, of Silurian age. 





>i 



I, 









'j 



818 KENTUCKY GEOLOGICAL SURVEY. 

Arachnophylluriu From Vcsxcularia major from the Silurian 
of Point l)etour and Drummond Island, Michigan, our specimen 
is distinguished by the narrower and relatively deeper central 
depression and the distinct elevation of the calicular surface on 
approaching the rim of this depression. 

Locality and iK)siti()n: Along the road north of Estill 
Sprinj»;s, north of Irvine, Kentucky. In the Waco limestone 
layers, of Silurian age. 

ARACHNOPHYLLVM (StROMBODES) GRANUIX)SUMy N. SP. 

Plate 3. fig. 1. 

Corallum compound, explanate, thin; only a part of the cor- 
allum is preserved in the specinu^n figured, and this shows a max- 
imum width of 70 millimeters and a thickness of warcelj* 3 milli- 
meters. The lower surface is not ex^wsed. PoljT>aria opening 
above in shallow calices meeting along polygonal outlines rising 
hut slightly al)ove the middle i>arts of the calyx. A very narrow, 
filiform line forms a border Ix^tween the calices; this line is inter- 
rupted at intervals by minuU* pits or pores, situated most fre- 
(juently at the ends of the grooves Ix^tween the septal ridges. 
Calices about 7 to 10 millimeters wide along their longer diam- 
eters, and from (> to 7 millimeters wide transverse to this direc- 
tion. Very shallow depressions, from which the septal ridges 
radiate, occur in an excentric position, so that the calices have 
the appearance of oin^ning ol>liqu(»ly upon the surface. It is not 
known to what extent this oblicjue position of the slight de- 
])r(*ssion is characteristic of the species. Septal ridges average 
alxmt 14 or 15 in number. These l>egin at the margins of the 
shallow depressions and radiate toward the margins of the cal- 
ices; those toward the nearest or rear border widen rapidly and 
are more triangular in outline; those toward the farther or an- 
t(»rior l)order are more nearly linear; those on the sides cnrve 
toward the anterior border. These septal ridges are quite flat 
(»r only gently convex in a transverse direction, and are sepa- 
rated by narrow and rather shallow, but very distinct groovoB. 
The surfaces of thc^se septal ridges are mark(*d by very minute 
granuh^s. Somewhat coarser granules, very irregularly ar- 
ranged, occupy the excentric depressed area. In some calices 
the margins of the depressed areas are slightly, op even distinctly 
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raised, producing the effect of a sharp circular border. In some 

m 

cases the weathering away of one of the calicular layers leaves 
the depressed area of this layer distinctly al)ove the general levc^l 
of the next lower calicular surface. In vertical sections the 
corallites are seen to consist of successive calicinal floors sup- 
ported by a rather coarse vesicular tis^iue, the cavities of which 
are rather wide but very shallow. Horizontal tabula^, closely 
arranged, appear to cross the region corresponding to the 
central, depressed part of less excentric calices, but this 
part is not well exposed in the specimen at hand. Among tlu* 
sj)ecies so far described, this coral appears most nearly related 
to Strombodes alpen4'7ms, Rominger. 

Ix)cality and position : Half a mile east of Waco, Kc^itucky, 
where the road to Cobb Ferry turns off from the Irvine pike. 
In the Waco limestone layers, of Silurian age. 

ARACHXOPHYLLUM (STROMnODES) MAMILLARE-DISTAXS, X. V. 

Plate 3, figs. 2A, 2B, 2C. 

Corallum discoid, flat, with mamiform cones representing 
the centers of the calices. Basal surface covered by a concen- 
trically wrinkled epitheca, and with a small central point of 
attachment; in some specimens the epitheca shows also traces 
of radiating stria* which in width resemble the septal ridges 
on the upper surface of the corallum. In the largest specimc^n 
here figured, the original width of the fragment must have been 
at least 200 millimeters; the thickness bc^tween tlie mamiform 
cones was less than 15 millimeters, the centers of the mamiform 
cones rising in some cases fully 20 millimeters alK)ve the epithe- 
cal layer. At the top of each mamiform cone there is a w(»ll d(*- 
fined pit or crater, from 3 to 3.5 millimeters, occasionally 4 
millimeters in diameter. Witliin this pit, alwnit 18 radiating 
septa extend from the margin to a small central elevation or 
projection. Near th(» margin of the pit, the terminations of 
about the same numlx^r of short, additional septa may be seen. 
From these septa narrow rug:p i>ass over the margins of th(» 
pits and continue as approximately equal sized linear bands in 
a radiate direction from the pits across the areas In^twei^n the 
cones. The different calicular areas are not separated by raises! 
lines, obtuse elevations, changes of slope, or any other definite 
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structure. The number of radiating linear bands varies from 
13 to 17 in a width of 10 millimeters. Their surfaces are marked 
by very minute granules. Horizontal sections show that the 
radiating septa do not extend beyond the margin of the pitii. 
Vertical sections show the presence of a vesicular structure con- 
sisting of nearly horizontal lamellae resting upon each other 
at irregular intervals; this structure is characteristic of by far 
the greater part of the corallum, being absent- only in the central 
arenas of the calices among the septa. Between the septa there 
are indications of dissepiments. The corallum is formed by a 
succession of numerous thin and closely applied calicinal layers, 
which show the radiating linear bands even on the inferior sur- 
face. 

In the bed of a little stream a quarter of a mile south ol 
Indian Fields a specimen was found 45 millimeters thick and 
230 millimeters wide. 

This variety differs from typical forms of Arachnopht/lltwt 
niamillare in the smaller diameters of the calicinal pits and the 
greater distance bc^tween the mamifonn cones. 

locality and position : Along the road south of the railroad, 
a short distance east of Panola station ; also a quarter of a mile 
east of the home of Bn^wnlow Bruner, north of the creek, along 
a road a mile southeast of Indian Fields, crossing the railroad 
and joining the road from Indian Fields to Clay City; also a 
(juarter of a mile south of Indian Fields. At all localities, from 
the Waco limestone layers, of Silurian age. Figures 2A and 
2C represent specimens from Panola; figure 2B represents a 
specimen from the Brownlow Bruner locality. 

A small variety of Ara<*hnophyUum mamillare^ which may 
b:» known as Arachnopht/Vum mamiUa^t'c-unlmingtoticnmSj oc- 
curs at Wilmington, and at other localities in the Dayton lime- 
stone of Ohio. This is the earliest representative of the specit*s. 
Tlie central pits of the mamiform cones have a diameter of 1.5 
millimeters; the distance lM»tween the centers of the cones usu- 
ally varies between (5 and 8, occasionally 10, millimeters. The 
septal rugfp radiating from the mamiform conc^ across the inter- 
calicular spaces numl^T al)out 8 or 9 in a width of 3 millimeters. 
Tliis species was descrilK»d as Lyellia striata, by U. P. James, 
in his Paleont(>logist, page 10, in 1878. It was formerly iden- 
tified also as Stri^nbodes pygmaeus, Rominger, in the Bulletin 
of Dcnison I^niversity, volume 3, page 120, in 1888. 
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CYSTIPHYLLUM SPINULOSUM^ N. SP. 
Plate 5, figs. lA-lK. 

Corallum simple; moderately eurved or nearly straij^ht. 
Length of specimens found so far less than 50 millimeters. Ex- 
terior of corallum covered by an epitheca which is marked by 
longitudinal grooves, dividing the surface into low, narrow lin- 
ear ridges as in species having conspicuous septa; septa, how- 
ever, cb.«olete. Of these longitudinal ridges, about six occur 
in a width of 5 millimeters. Exterior also with fine trans- 
verse, radiating stria^. Epitheca frequently absent, owing to 
weathering. In that case the vesicular structure is well ex- 
posed. Blister-like cavities, large and conspicuous, frequently 
5 millimeters long and of equal or even greater width. The 
plates forming this vcsiculose structure are convex above but 
concave as seen on tho side of weathered surfaces of the coralla, 
since they curve upward and outward. The concave surface of 
these plates is marked by low longitudinal striations which cor- 
respond in fre<iuency to the septal striae on the exterior of the* 
corallum. Calyx only partially exposed in the larger specimens 
at hand, ap[)arently of moderate depth; formed by the convex 
sides of thi» upiK^rmost layer of plates. In most specimens the 
convex side of these i)lates as exposed in the calyx is covered 
with coarse granules interspersed with smaller granules; these 
may take the place of the olx^olete septa; in a few specimens 
they are arranged in approximately radiate lines; in others this 
arrangement can not be readily detected. While the usual ap- 
pearance of these markings on the upper side of the plates is 
that of coarse granules, on well-preserved specimens they fre- 
quently are detechnl as sliort spines fully a millimeter in length. 
These spines have been seen in so many specimens that it is evi- 
dent either that the coarse granules of weath(Ted specimens 
repres(»nt the Imses of the weathered spines, or that both spines 
and coarse grannies occur in this species. 

This spcH-ies may l)e distinguished by the coarsely vesicular 
structure, the septal striations on the lower side of the plates, 
and the coarse granules and short spines on the upper side. 

Locality and position : All the specimens figured except that 
represented by figure IC, were found along the road north of 
Estill Springs, north of Irvine, Kentucky; figure IC represents 
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a specimen found half a mile east of Waco, where the road to 
Cobb Ferry turns off from the pike to Irvine; specimens occur 
also east of Panola, along the road south of the railroad. In 
the Waco limestone layers, of Silurian age. 

Calostylis spongiosa, n. sp. 

Plate 7, figs. 3A-3G, and Plate 8, figs. lA-lB. 

Curallum sponge-like in appearance but provided with a dis- 
tinct although very thin epitheca which usually is absent alon:? 
the upper part of the corallum, and often even from almast ihe 
entire corallum, possibly due to removal by weathering. Coral- 
la simple, attached at the base, forming irregular cylindrical 
or moderately conical growths. Septa numerous, the upper 
edges within the calyx irregularly tiK)thed or crenulated; not 
readily distinguishable near the center of the calyx, where the.^ 
form a spongy mass, but not a distinct columella. Septa per- 
forated by numerous small openings or pores, and therefore 
cribiform. The sides of adjacent septa are attached to each 
other by numerous short, thin, irregular, rod-like bodies, called 
synapticula. 

In the specimen represented by figure 3A, there are about 
45 primary septa which may be traced down the walls of the 
calyx, but are replaced at the bottom of the calyx by a spongy 
structure not showing definite arrangement. Along the outer 
part of the corallum, secondary septa alternate with these pri- 
mary ones. In figure 3B, there are 35 primary septa, with an 
equal number of secondary septa along the exterior of the speci- 
men. In sijecimens having the diameter shown by figures 3C, 
3D, 3E and 3G, the number of primary and secondary septa is 
about 90. In some specimens the septa are sharply defined and 
are distinctly perforated. In other specimens the structure is 
more confused and the term spongy septa appears to be more 
ilescriptive. Possibly this spong:s' appearance is due largely to 
the secondary septa. In the central part of the corallum the 
sclerites and synapticula form a confused sponge-like structure. 
Epitheca very thin; longitudinal septal rugne not distinct in 
most specimens; transverse concentric striie and wrinkles 
present. 

The species here described assumes numerous forms. Some 
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of them, beginning with a narrow pointed l>ase, expand rapidly 
into curved turbinate eoralia as in species of Zaphrcnti,s and 
Vyathophyllum. In some cases the growth is more sub-cylindri- 
cal. In other specimens the coralla are attached by rather broad 
))ases to gome other body, producing broad coralla of moderate 
height. Tlie illuMrations here presented! sJiow some of the^ 
variations. 

Our specimens are closely related to the type species, Calo- 
stylis d<^nticulata, Kjerulf, from the Silurian of Gotland, 
Sweden, from which it differs chiefly in the more numerous 
septa, in the distinctly smaller septal pores, and in the absence 
of branching, even in case of the largest coralla. Species of 
Calostylis have been described also from the Silurian of Eng- 
land. The exact affinities of this genus are still in dispute. 
Zittel placed it among the perforated madrejx^roid HexacoraUa, 
while Koken and Neumayr considered it an aberrant type of 
the rugose QiiadricoraUa. 

Locality and position: The specimens here figured are all 
from along the road north of Estill Springs, north of Irvine, 
Kentucky ; specimens occur also east of Panola, along the road 
south of the railroad; and half a mile east of Waco, where the 
road to Cobb Ferry starts off from the pike to Irvine; two mih»s 
southwest of Clay City, along the road immeiliately north of 
Tipton Ferry-; one mile southeast of Indian Fields, south of the 
railroad, fa(*ing the creek, where the road from Kiddville joins 
the road from Indian Fields to Clay City. In the AVaco lime- 
stone layers, of Silurian age. 

The enlargements on plate 8 show traces of the synapticula 
and of the porous structure. 

PENTAMERIS Or.LONGI'S. 
Plate 1, flg. 2. 

In New York this species is not known outside of the Clinton 
fauna. In Ohio its first apjiearance is in the Dayton limestone, 
but here it is very rare. It occurs abundantly in the Springfield 
and Cedarville limestones. 

The specimen here figured is from the Dayton limestone, 
about two miles west of Peebles, along the railroad. The speci- 
men is symmetrical, but was inclined so as to show the details 
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better in a photograph. The largest fragment found at this 
locaiit}^ indicates a specimen originally about 100 millimeters 
long; the trilobation of the valves is distinct, the outline of the 
shell more nearly resembling the form found in the Springfield 
and Cedarville limestones of Ohio than those predominating in 
the Clinton of New York. The specimen here figured is an 
interior cast showing the length of the median septum of the 
pedicle valve. In addition to the more distinct lobes, there are 
indistinct narrow folds, much less distinct than those of Penta- 
inerus ohiouf/ius-hisinuatiis from the Silurian of Wisconsin. 

Locality and position : Two miles west of Peebles, in Adams 
county, Ohio. In the Dayton limestone, overlying the ferrugin- 
cus lavers of the Clinton. This horizon has not been traced 
into Kentucky as yet, but it prolmbly corresponds approximately 
to the Oldham limestone forming the upper part of the Indian 
Fields formation, directly beneath the Alger clay. 

Stricklandinia norwoodi, n. sp. 

Plate 1, figs. lA-lD. 

The generic position of this shell is uncertain since the struc-. 
ture of the interior is only verv imperfectly known, but the ex- 
terior form and the nearly obsolete bilaterally diverging plica- 
tions resemble those of Stricldamlinia daiuhoni as figured by 
Billings. 

Shells rather large, elongate-oval, with a hinge-line varying 
appar(»ntly between moderately cur\'ed and nearly straight. As 
far as may be determined from the sx)ecimens at hand, the hinge 
area of both valves is imperfectly exposed, if at all, the umbonal 
regions of the pedicle valves being more convex, and the beak 
more incurved. Both valves moderately convex, the convexitv 
of the pedicle valve a little greater. It is estimated that the 
total thickness of a shell 38 millimeters in width is about 15 
millimeters. Pedicle valve with a shallow median depression, 
bt^ginning at the beak, where it is narrow, and extending fon\'ard 
and widening toward the middle of the shell. In some speci- 
mens this median impression disappears anteriorly, in others it 
becomes broader though remaining shallow. The brachial 
valve is marked by a low median elevation, narrow at the beak, 
iMM-oming broader anteriorly. As far as the middle of the shell, 
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this median impression often is bordered on each side bj- a very 
shallow depression, giving greater distinctness to the elevati(m. 
Toward the anterior margin of the shell, however, both the eleva- 
tion and the bordering depressions are likelj to become indis- 
tinct. Both valves comparatively smooth, but showing traces of 
nearly obsolete broad radiating plications. The latter are some- 
times crossed by additional plications having a distinctly bi- 
symmetrical arrangement, apparently curving from the median 
part of the shell somewhat forward and more strongly toward 
the lateral part of the shell, so as to cross the nearly oteolete 
radiating plications. In the specimen represented by figure ID 
the radiating plications are readily seen when the valve is held 
at the proper angle. In specimens represented by figures lA and 
IC the bilaterally divergent crossing plications are seen. 

In one of the pedicle valves, broken off at the beak, is seen 
a cross-section of a V-shaped structure supi>orted by a vertical 
plate resting on the inner side of the valve. This is intc^r- 
preted as a spondylium resting on a median septum. In a cast 
of the interior of this valve this septum appears to have ex- 
tended to a point 8 millimeters antc^rior to the hinge-line. The 
spondylium appears to have been folded so as to form a V-sha[)ed 
groove and to have extended forward and away fi'om the umbonal 
part of the shell. The spondylium was short, probably 8 milli- 
meters or less in length. 

The cast of the interior of a brachial valve shows two short 
grooves extending from the beak forward for a distance of 5 
millimeters, slightly diverging, their anterior ends about a milli- 
meter and a half apart. On the exterior side of each groove 
the cast is slightly raisfnl, forming a short narrow ridge. Im- 
mediately anterior to these nearly parallel grooves the posterior 
ends of two narrow muscular scars apparently are found. This 
structure of the brachial valve apparently agrees best with that 
shown by Sfricllaiulhiia ca^ifrllana from the Silurian of Iowa, 
as figured by Hall and Clarke, in the eighth volume of the 
Paleontology' of New York, plate 73, figure 7. 

locality and position: AH of the specimens figured were 
found about five and a half miles south of Indian Fields, along 
the road to Vienna, a short distance south of the culvert south- 
east of the home of J. T. Elkins. Similar specimens are abund- 
ant three miles south of Indian Fields, east of Long Branch; a 
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mile west of Indian Fields, west of Howard Creek, along the 
railroad; three miles southwest of Clay City, along Plum creek; 
along the road north of Estill Springs, north of Irvine; along 
the railroad between Brassfield and Panola, and elsewhere. The 
last named locality shows good exposures at the proper horizon, 
although the best specimens found so far came from the J. T. 
Elkins locality. The species occurs widely distributed at the 
top of the Oldham limestone layers. The Oldham limestones 
are typically exposed aong the railroad following the north side 
of the valley of Oldham creek, between Brassfield and Panola, 
and here the species may be found readily. It is the most char- 
acteristic and most widely distributed shell of the Oldham lime- 
stones studied so far. I take great pleasure in naming it after 
the present head of the Geological Survey of Kentucky, Prof. 
C. J. Norwood, to whom I am under obligation for encourage- 
ment and assistance. 

Figures lA, IC and ID represent pedicle valves; figure IB 
represents a brachial valve; figure ID was taken from the shell; 
the other figures were taken from the natural casts of the in- 
terior. 

AVhitfieldella subquadrata, Foerste. 

Plate 1, figs. 3A-3F. 

Shells abundant in the form of casts of the interior showing 
the muscular scars and the impressions of the teeth and other 
structures along the hinge-line. It is closely related to AVhit- 
fieldella cylindrica, and may be regardcni merely as a variety 
of the latter. Compared with typical forms of AVhitfieldella 
cylindrica, however, it is a much more robust shell, less elongate, 
broadc r at the beak, with no median depression along the pedicle 
valve and with no sinuate flexure of the shell on approaching 
the anterior outline. The name suhqiiadrata was suggested by 
shells having the outline represented by figure 3B of which 3A 
is a cardinal view, with the pedicle valve on the lower side. Sub- 
sequently shells having a more oval outline were found to be 
not rare so that the name originally suggested has lost its value 
as a descriptive designation of the species. 

Interior casts cf the pedicle valve strongly marked by a 
strongly elevated triangular cast of the deep diductor muscular 
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scar, on each side of which are a series of parallel transverse 
rugae, occupying the area in other shells often showing ovarian 
markings. The cast of the brachial valve shows the presence 
of a deeply concave hinge plate anterior to which is a short me- 
dian septum. 

Locality and position: All of the specimens figured were 
obtained about four miles west of Berea, along the lower part 
of Rocky Branch. The species, however, is widely distributed 
along the eastern side of the Cincinnati geanticline, from Spen- 
cer, Kentucky, to Stamford, and again along the lower part of 
Fishing creek and along the Cumberland river, at the mouths 
cf Forbush and Little Cub creeks, within twenty miles toward 
the west of Somerset, Kentucky. It is the most characteristic 
shell of the limestone layers immediately overlying the Brass- 
lield limestone and forming the base of the Indian Fields forma- 
tion, just beneath the clays of the Plum creek horizon. 

WHITFIELDEIJiA QUADRANGT'LARIS. FOERSTE. 

Plate 1, fiss. 4A« 4B, 4C. 

This shell may be regarded as a variety of AVhitfieldolla 
crassirostra, from the Silurian of New York, but the shell is 
somewhat broader at the hinge-line and the anterior margin is 
not strongly sinuate, the median depression of the pedicle valve 
being rather slight. This depression, as a rule, is seen only 
along the anterior half of the pedicle valve. A very faint, 
scarcely distinguishable median depression sometimes occnirs 
along the corresponding parts of the brachial valve. It is a 
much less robust shell than AVhitfieldella subquadrata, to which 
it is evidently closely related. 

Locality and position: All of the specimens figured wore 
obtained northeast of Duncansville, east of Sprows bridge, up a 
ravine on the north side of the road, 38 feet above the base 
of the Clinton, in Adams county, Ohio. Similar specimens were 
found in the western part of the county, south of Winchester. 
It should occur in the northern part of Kentucky, but has not 
been discovered as yet. 

Choxetes VETUSTA, X. SP. 

Largest ventral or pedicel valve al)out 15 millimeters wide 
and 6 millimeters long, gently convex ; surface marked by al)out 
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60 or 70 radiating striae; hinge line with rather long and di- 
vergent fimbriate spines, the longest about 1.5 millimeters in 
length. Xone cf tdie s«i>ecimeiis show all of the spines, but their 
number is probably about 2 cr 3 on each side of the beak. 

Apparently a distinct species, differing from Chonetes cor- 
nicta^ Hall, and Chon<.'tes imdulata^ Hall, in the greater number 
of radiating stria?. Chonetes temmtriata, HalL is about of the 
same size, but has nearly 100 stride. Chonetes novaseotkay Hall, 
is a larger shell, with more than 100 strife, with 4 or 5 rather 
short cardinal spines on each side of the beak, and, often, with 
a flattened or slightly concave space down the middle of the 
valve. Chon-etis novaseotlca-icaldronen^sis usually is a smaller 
shell, with 2 or 3 rather long cardinal spines, and with the 
median striation characteristically prominent. 

Locality and position: In the shaly limestone, at the top of 
the Alger clay, of Silurian age, up the hill, north of the home 
of Alfred Huffman, Icsj^- than a mile west of Valley, about 8 miles 
west of Vanceburg, Kentucky. 

ISOCIIILIXA PAXOLENSIS, X. SP. 

A large species of Ostracod is characteristic of the Waco 
limestone in East-Central KentuckA\ It is most closelv related 
to Isociiilina grandis-latimarglnata, Jones, from the Silurian 
of Lake Winnepegosis and the Saskatchewan river of Canada. 
There is, however, scarcely a perceptible trace of an ocular 
tul>ercle or of a sulcus. The dorsal margin is straight, and the 
dorsal angles are definite, although very obtuse. Then* is no 
slight emargination of the anterior and posterior margins just 
before reaching the dorsal line, as in IsoehUina ffvandis-latimar' 
ginata, but in other respects the outline is closely similar, al- 
though, in some specimens, the greatest convexity of the i>os- 
terior margin is slightly nearer the ventral l>order. 

Our specimens are smaller than IsoehUina grandis-latimar' 
ginata; the usual length is 8 millimeters, but some specimens 10 
millimeters long are found. The ventral border of the left 
valve is deflected strongly downward along the entire length 
of the valve, making an angle of al>out 80 or 85 degrees with the 
general plane of the valve. In one specimen the width of this 
deflected border is fully .75 millimeters, but this width diniin- 
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ishes gradually toward the anterior and posterior mar«::ins. Held 
at a favorable angle, a slight elevation of the margin of the up- 
per surface of the valve may be seen just before reaching tjre 
deflected border. The valves are convex, the convexity Iw^ing 
distinctly greater at a point about two-fifths of the length of 
the shell from the anterior margin. From this area the shell 
slopes rather evenly to the anterior and posterior margins, or 
is faintly concave just before reaching the slightly elevated, 
very narrow rim. There is no flat marginal rim distinctly 
deflned from the general convexity of the main body of the 
valve, as in Isochilina gramlis-Iatunar</inata. 

length of hinge-line of left valve, 5.3 millimeters; greatest 
length across middle of valve, 7.8 mm. ; greatest vertical diame- 
ter across middle of valve, 5mm. Some six^cimens attain a 
length of 10 millimeters. Surface smooth. Most of the valves 
found are left valves. One of the right valves differs in form, 
having a more oblique ventral margin. Its dimensions are: 
Length of hinge-line, 4.1 millimeters; greatest length of shell, 
7.5 mm. ; width across posterior third of valve, 5.4 mm. ; width 
across anterior third, 4.6 mm. 

Locality and position: Kather abundant at Panola, east of 
the station, south of the railroad; found also north of Irvine, 
east of the road passing Estill Springs, a short distance before 
reaching White Oak creek. Characteristic of the Waco lime- 
stone horizon. 

BEYRICHLV LATA-TRIPLICATA, NOV. VAR. 

In the Paleontology of New York, volume 2, page 301, pul>- 
lished in 1852, Prof. James Hall published descriptions of a 
species of Bollia and of a species of Keyrichia under the same 
name Beyrichia lata, erroneously regarding these distinct 
hpecies as opposite valves of the same species. Of these specic^s 
the Beyrichia is descril)ed first, but on plate AGO the Bollia 
is figur(Hl first. In the catalogue of types and figured specimcMis 
in the American 3Iuseum of Natural Ilistors-, at New York, 
Whitfield and Hovey have referred all of the types to Bollia 
lata. Hall. We prefer to apply the name Bollia lata to the 
species represented by figure 10b; and to use also the name 
Beyrichia lata. Hall, restrictinf this designation to the species 
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illustrated by figures 10c, d, e, of plate A66. With this 
interpretation, Beyriehia lata. Hall, differs from Beyrichia 
aequilatera. Hall, chiefly in the much narrower marginal border, 
elevated so as to form a narrow, distinctly defined rim, Bey- 
richia lata seems to be a distinctly larger species than Bey- 
richia aHjuilatera, Prof. Rupert T. Jones, in Part III of the 
Contributions to Canadian Micro-Paleontology, published in 
1891, described one specimen as having a length of 1.5 mm. 
The figure of Beyrichia lata^ in figure 10a, on plate A66, of the 
Paleontology' of New York, however, is fully 2.75 mm. long. 

In the upper part of the Alger clay in Lewis county, Ken- 
tucky, southwest of Vanceburg, at Valley opposite the home 
of W. A. McEldowney, a species of Beyrichia occurs in thin 
plates of argillaceous rock interbedded with the clays. The 
same species of Beyrichia occurs also up the hill, back of the 
home of Alfred Huffman, and at other localities at the same 
horizon, along the road to the W. H. Lawrence store. This 
species of Beyrichia varies in length from 2.5 to 3 millimeters. 
In the best preserved specimen, a right valve, the length is 
2.5 mm.; height, 1.8 mm. This species is closely related to 
Beyrichia lata. Hall, but differs in having a distinctly shorter 
hinge-line, about 1.9 or 2 millimeters in a valve 2.5 millimeters 
long. The anterior and posterior dorsal angles, instead of being 
approximately rectangular, are very obtuse, owing to the convex 
outline of the anterior and post<*rior margins. The narrow- 
marginal rim is distinct, and is separated from the body of the 
valve by a narrow groove. The body is trilolmte. Of these lobes, 
the central is the narrowest ; the anterior lobe is only slightly 
larger, but the posterior lobe is considerably larger. All of 
these lobes rise to approximately the same elevation, and are 
separated by deep grooves. The middle lobe narrows ventrally 
and approaches to within a short distance of the groove within 
the marginal rim, being separated from this groove only by the 
very narrow ridge connecting the anterior and posterior lobes. 
If the Xew York specimens have been figured correctly, our 
specimens form a distinct variety, distinguished by the greater 
cunature of the anterior and posterior outlines of the valveei, 
resulting in a shorter hinge line. 

Locality and position: Near top of Alger clay, at various 
localities in I>ewis county, Kentucky, from Valley westward 
as far as the Lawrence store. 
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PLATE 1. 

Pigs. lA-lD. Stricklandixia nouwoodi, nov. sp. 

A, C, D. Views of natural casts of pedicle valve®. 

B. Cast of brachial valve. 

A and O show the chara<:teristic, very faint, bilaterally diver- 
gent wrinkles; D shows the very faint nidiating 
wrinkles. In C, the anterior outline is not preseiTed 
and the original specimen may have been longer. The an- 
terior outline of D is restored also. B shows the slight 
median elevation of the bnuhial valve. There is a corre- 
sponding slight median depres^sion in the pedicle valves, not 
well shown in any of the figures. 

Oldham limestone, near the top; Silurian; found along the 
road to Vienna, five and a half miles south of In-dian Fields, 
near the home of J. T. Elkins, in Madison county, Kentucky. 
Fig. 2. Pentamerus oblongus, Sowerby. 

Pedicle view, showing the long septum (which supports the 
spondylium in this genus). 

Dayton limestone, overlying the rock identified as Clinton in 
Ohio. Found along the railroad, two miles west of Peebles, 
in Adams countv, Ohio. 
Figs. 3A-3F. Whitfledella subquadrata^ Foerste. 

A. Internal cast of shell near the hinge; cast of brachial 
valve in upjK^r part of figure, cast of pedicle valve in lower 
part. The latter shows the cast of the deep muscular de- 
pression and the strong corrugations of the shell on both 
sides of this depression ; these features are seen also in 3B 
and 3D. 

B. E, F. A^iews of the casts of the pedicle valves. 

C. Oast of the brachial valve. 

D. Lateral view of cavst; witli pedicle valve on right, and 
brachial valve on left. 

Found at base of Indian Fields formation, Silurian ; on Rockv 
branch, four miles west of Berea, Ky. 
Figs. 4A4C. Whitfieldella quadrangularis. Foerste. 

A. Brachial view. 

B. Pedicle view. 

C. Lateral view, with pedicle valve on right. Found 38 feet 
above the base of the rock identified as Clinton in Ohio; 
northeast of Duncans\ille, in Adams county, Ohio. 
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PLATE 2. 

Figs. lA-lB. Favosites gothlandica, Lamarck. 

A. Upix^r surface 

B. Vertical section, showing numerous tabular 
Waco limestone, Silurian; Irvine, Ky. 

Fig. 2. Favosites hisingeui-aplata, nov. var. 
AVaco limestone, Silurian; Irvine, Ky. 

Fig. 3. Syrixgolites huronensis, Hinde. 

AVaco limestone, Silurian; Tipton Ferry, Ky. 

Figs. 4A-4B. Favosites declinata, nov. sp. 

A. Upper surface. 

B. Lower surface, with epitheca. 
Waco limestone, Silurian; Irvine, Ky. 
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PLATE 3. 

Fig. 1. Arachnophyllum (Strombodes) granulosum, 
iiov. sp. 
Waco limestone, Silurian; near AVaeo, Ky. 

Figs. 2A-2C. Arachnophyllum (Stromhodes) mamill- 
ARE-DiSTANS, nov. var. 

A, B'. Crater at top of cone-shaped prominences 

sharply defined. 
C. Crater rounding off into sides of cone. 
Waco limestone, Silurian; 2A, 2C, Panola, Ky. ; 
2B, Brownlow Bruner locality, Kentucky. 

Fig. 3. Heliolites spongiosa^ nov. sp. 

Waco limestone, Silurian; along road north of Estill 
Springs, near Irvine, Ky. 

Fig. 4. PIeliolites, sp. 

Waco limestone, Silurian ; road north of Irvine, Ky . 

Fig. 5A. Heliolites suRTUBrLATA-xucELLA, nov. var. 

Waco limestone, Silurian. A small form, increas- 
ini:: ii* h(*ij::ht without much lateral expansion, 
from Irvine, Ky. 

Fig. 5B. Heliolites si'BTrBrLATA-DiSTAXs, nov. var. 

A flat, explaiiate form, from the AVaco limestones, 
half a mile east of Waco, Ky. 

Fig. 6. Lyellia eminula, nov. sp. 

Waco limestone, Silurian; along road north of Es- 
till Springs, north of Irvine, Ky. 
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PLATE 4. 

Fig. 1. Lyelll\, sp. 

Flat variety, possiblj- distinct from Ljellia eminnla. 
Enlarged 3 diameters. Same Fi>eeimen as plate 5, 

figure 4. 
Waco limestone, Silurian ; east of Waco, Ky . 

Fig. 2. Syringolites huroxensis, Hinde. 

Enlarged 3 diameters. Same specimen as plate 2, 

figure 3. 
Waco limestone, Silurian; Tipton Ferrj-, southwest 

of Clay City, Ky. 

Fig. 3. Lyellia emim la, nor. sp. 

Enlarged 3 diameters. Same specimen as plate 3, 

figure 6. 
Waco limestone, Silurian; north of Irvine, Ky. 

Fig. 4. Favosites declinata, nov. sp. 

Enlarged 3 diameters. Same si>ecimen as plate 2, 
figure 4 A. 

Waco limestone, Silurian; along road north of Es- 
till Springs, north of Irvine, Ky. 

Fig. 5. Favosites hisingeri-aplata, nov. var. 
EnlargcMl 3 diameters. 

Waco limestone, Silurian; along road north of Es- 
till Springs, north of Irvine, Ky. 

Fiff. 6. Heliolites spongiosa, nov. var. 

Enlarged 3 diameters. Sanu* specimc^n as plate 3 

figure 3. 
Waco limestone, Silurian; north of Inine, Ky. 
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PLATE 5. 

Figs. lA-lK. Cystiphyllum spinulosum, nov. sp. 

A, K, C, G. Si)eciinen9 showing the general form of the cor- 

alliiui. 
A, I), F. Specimens showing the large vesiculose plates or 

dissepiments with the vertical septal ridges. 
A, H, J, K. Specimens shoeing the septal ridges on the ex- 
terior of the epithecal covering. 
E. Specimens showing the papillose upper surface of the 

vesiculose plates. In the best preserved specimens these 

ai*e preserved as short spines, 
Waco limestone, Silurian. All except IC are from the road 

north of Estill springs, north of Inine, Ky. ; IC was found 

half a mile east of Waco, Ky. 

Figs. 2A-2F. LiNDSTROEMIA LIXGULIFERA, nOV. sp.. 

A, B, D. Views of base of calyx; margin of calyx not pie- 
served. 

C. Lateral view, showing linguliform process. 

E, F. Lateral and posterior views. 

Waco limestone, Silurian; 2A, 2B, from Panola, Ky.; all other 
specimens from along road north of Estill Springs, north 
of Irvine, Kv. 

The linguliform process of this species resembles tfcat of Lind- 
strocinia dalmani, Edw^rxls and Haime, from the Upper 
Silurian of Gotland, Sweden. 

Figs. 3A-8E. POLYOROPHE RADICULA, DOV. sP- 

A, B. Enlarged views of a si)ecimen showing the septal rows 
of granules on the upi)er surface of the tabula?. Si)ecimen 
cylindrical, the conical appearance due to tbe angle at 
which it was photographed. 

C, D, E. Lateral views of typical specimens. 

Pig. 4. Lyellia, sp., flat variety, possibly distinct from Lyellia 
em inula. 
A small part of the upper surfa-ce, enlarged. 
Waco limestone, Silurian ; half a mile east of Waco, Ky. 

Pig. 5. Helioutes, spoxgiosa, nov. sp. 

A small part of the type specimen (plate 3, figure 3), enlarged. 
Waco limestone, Silurian; north of Irvine, Ky. 
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PLATE 6. 

Figs. lA-lB. Meekopora bassleri, nov. sp. 

A. The usual form of the fragments found, four- 
thirds of natural size. 

B. A branching frond, with the sides of the 
branches not showing the usual parallel outlines. 

Waco limestone, Silurian ; along the road north of Es- 
till Springs, north of Irvine, Ky. 

Figs. 2A-2F. Cyathophyllum densiseptatum^ nov. sp. 
A, B, C. Views of typical specimens. 
D, E, F. Possibly young specimens of the same 

species. 
Waco limestone, Silurian; all specimens except 2E 

were found along the road north of Estill Springs, 

north of Irvine, Ky.; 2E was found immediately 

east of Panola, Ky . 

Figs. 3A-3C. Cyathophyllum sedentarium, nov. sp. 

A. The typical form, showing the radiciform ex- 
tensions of the epitheca where attached to a hori- 
zontal object; these radiciform extensions some- 
times are more strikingly developed. 

B, C. Specimens showing broad dissepiments stri- 
ated vertically by septal strije or ridges, the septa 
being absent. This structure is charateristie of 
the parts nearest the epithecal surface. 

Waco limestone, Silurian; on the road north of Es- 
till Springs, north of Irvine, Ky. 
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PLATE 7. 

Figs. lA-lB. Zaphrextis intertexta, nov. sp. 

A. View of calyx. 

B. Lateral view. 

Waco limestone, Silurian; along road north of Estill 
springs, north of Irvine, Ky . , 

Fig. 2. Chonophyllum solitarium, nov. sp. 

View of calyx; margin of specimen imperfectly pre- 
served. 

Waco limestone, Silurian; road north of Estill 
Springs, north of Irvine, Ky. * 

Figs. 3A-3G. Calostylis spongiosa, nov. sp. 
A, B, C Views showing calyx. 
1), E, F, G. Lateral views showing epithecal surface. 
F, (t. Attached by broad bases to other fossils. 
Waco limestone, Silurian; road north of Estill 
Springs, north of Irvine, Ky. 

Figs. 4A-4H Zaphrextis charaxata, nov. sp. 

A, I). View of calyx, and lateral view of same speci- 
men; margin (jf calyx preserveil only along the 
sei)tal fofisette. 

B, C. View.s of base of calyx, sides not presened. 
E. View of exterior, showing the characteristic 

markings of the surface when slightly worn. 
Waco limestone, Silurian ; along road north of Estill 
Springs, north of Inine, Ky. 

Figs. 5A-5R. Zaphrextis ixtertbxta-irvixexsis. 

A. View of ba.«e of calyx, sides not preserved. 

B. Lateral view, walls of calyx not presened. 
Waco limestone, Silurian; road north of Estill 

Springs, north of Irvine, Ky. 

Figs. SC-oE. Zaphrextis ixtertexta-jumcxis. 

r, I). Views of calyx, walls not preserved. 

E. Posterior view of D, showing numerous transverse 

strije crossing the low vertical ridge>2. 
Waco limestcme, Silurian; north of Irvine, 
The iK)sition of the septal fossette is indicated by SF. 
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PLATE 8. 

Fig», lA-lB. Calostylis spongiosa, nov. sp. 

Eularjjed 3 diameters. lA, same as plate 3, fifjure 
31) ; the porous structure produced by the junction 
of the synapticula from adjacent septal plates is 
shown in the upper part of the figure, between 25 
and 35 millimeters toward the left of the upper 
right hand corner of the figure. IB, same speci- 
men as plate 3, figure 3G; synapticula are well 
shown 21 millimeters below the top of the figure, 
and 28 millimeters from' the right; others are 
shown along a septal ridge 30 millimeters below 
the top; synapticula are present also elsewhere in 
the figure, but their relation to the septal plates is 
not well brought out owing to the angle at which 
the specimen was illuminated. 
Waco ^mestone, Silurian; north of Irvine, Ky. 

Figs. 2A-2B'. Duffin limestone, showing the brecciated ap- 
pearance characteristic of this rock at numerous 
exposures in central Kentucky. 

A small part of the metric scale used by scientists 
in making measurements of fossils and other ob- 
jects is here added. The smallest divisions indi- 
cated are millinietcrs. Each group of 10 millime- 
ters forms a len2:th called one centimeter. The 
centimeters of this scale are numbered. 
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Page 

Albany slip clay, analysis 27? 

Alger formation 61 

See also Lulbegrud clay, Waco limestone, Estill clay, and Flades clay. 

Alkaline springs 255 

Analyses 258 

Alluvial clays 274 

Analyses 275, 276 

Alum Springs, analyses 260 

Analyses, chemical. 

Ordovician rocks 211 

Saluda bed at Madison, Indiana 213 

Tapper Richmond near Elliston 215 

Silurian of Kentucky. 

Clinton or Brassfield limestone 217 

Whitfleldella layer 219 

Iron ore, usually called Clinton 221 

Plum creek clay 226 

Oldham limestone, unknown. 

Lulbegrud clay 227 

Waco limestone, unknown. 

Estill clay 228 

Flades clay, see Estill clay. 

Niagaran limestone above Estill clay 243 

Greenfield or Waterlime limestone 243 

(847) 
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Silurian of Ohio. Pag«! 

Clintcn or Brassfield limestone , , 220 

Niagara shale 242 

Springfield limestone 242 

Cedarville limestone 242 

Hillsboro sandstone 242 

Greenfield limestone 24:: 

Devonian formation^. 

Kiddville or phosphatic layer with fish remains 245 

Boyle or Devonian limestone 244 

Dufiin limestone 248 

Base of Black shale series 251 

Ohio Black shale, or Chattanooga shale 254 

Mississippian or Lower Carboniferous. 

Phosphatic nodules at base of Waverly 263 

Linnietta, Bedford, or New Providence clay 263 

Waverly sandstone 266 

Clay in Pennington shale 267 

Tertiary and Alluvial clays. 

Irvine clay 268 

Four miles northwest of Irvine, near Winston 268 

Near Bybeetown, or Portwood ?70 

Near Waco 269 

G. S. McKinne]^ farm clay, used by Zittel for pottery 272 

Adams farm, used at Searcy for roof tile mixture 273 

Mixture used at Searcy for roof tile 274 

So-called fire clay from Adams farm, used at Searcy 274 

Alluvial Black clay from Grinstead farm 275 

Alluvial clay used for tiling and brick at Moberly 276 

Typical clays for 

Stone ware 231 

Vitrified brick and tiling 232 

Terra cotta 233 

Pressed brick 233 

Roofing shingle 281 

Albany slip clay 277 

Pottery glaze 277 

Portland cement 234, 236 

Natural cement 253 

Mineral waters and salts. 

Crab Orchard waters 238 

Crab Orchard salts 240 

Alkaline and saline waters 258 

Epsom and Glauber waters 259 

Salt waters 260 

Alum waters 260 

Copperas 254 

Chalybeate waters 260 
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Sea water 241 

Anticline structure 123, 19 

Berea brick industries , = 274 

Birdseye limestone, now included in High Bridge formation , 10 

Black river, at Ottawa, Canada; Lindstroemia whiteavesi »,,,.,. 312 

Black shale. See under Devonian Black shale. 

Black sulphur waters 258 

Boyle limestone 13 

Chemical composition , 244 

Fauna .80. 87 

Brassfield formation 27, 290 

Fauna 30, 290, 312 

Outcrops along Cumberland river 114 

Chemical characteristics 217 

Water supply * 286 

Oil horizon 290 

Outlier on axis of Cincinnati geanticline 290 

Brick. 

Availability of Silurian clays , 23? 

Of Waverly clays. See Linnietta clay 265 

Manufacture at Seircy , . 279 

At Moberly 282 

At Berea 283 

Paving brick at Searcy 282 

Bybeetown or Portwood Pof tery Company 276 

CarboniTerous formations; area of outcror in Kentucky 13 

Cements. 

Natural 252 

Portland 234 

Chagrin formation 15, 102, 108, 112 

Chalybeate waters, analyses 260 

Chattanooga black shale. See Devonian Black shale. 

Chazy limestone, now included in High Bridge formation. 

Chemical analyses. See Analyses, chemical. 

Cincinnatian series, table of formations 18 

Chemical characteristics 211 

Water supply 286 

Cincinnati geanticline 19, 116 

Derivation of sediments from , . , . 135 

Clays. 

Silurian. See under Plum creek, Lulbegrud, Estill, Flades. Alger, 

Osgood, and Waldron. 
Devonian. See under Devonian black shale, Olentangy shale, and 

Chagrin formation. 
Waverly. See under Linnietta clay and Pennington shale. 
See, also, under Analyses, chemical. 
Economic uses ••• ••••#t....281«266 
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Clay industries of Madison county 276 

Clinton formation. See Brassfield limestone. 

Clinton iron ore 38 

Chemical composition 221 

Copperas, analysis 254 

Cornelison and Son Pottery Company 278 

Crab Orchard division of Niagaran formations 62, 115 

Table of subdivisions 10, 27 

Crab Orchard clay of Linney 64 

Clays. See Plum creek, Lulbegrud, Estill, Waco, Flades, and Alger. 
Limestones. See Oldham and Waco. 

Exposures along Cumberland river 115 

Faunas. See Oldham and Waco limestones. 

Crab Orchard salts 236 

Manufacture of 239 

Chemical composition of 240 

Crab Orchard waters 236 

Chemical analyses 239 

Distribution of 240 

Influence on water supply 285 

Cumberlapd river outcrops. 

Brassfield limes one' 114 

Whitfieldella layer 114 

Crab Orchard formations 115 

Devonian limestones 115 

bumberland river sandstone of Linney 70, 74 

Cynthiana formation: Subdivisions 10 

Chemical characteristics 211 

bay ton limestone. 

Fossils: Arachnophyllum mamillare-wilmingtonensis 320 

Pentamerus oblongus 323 

Relations to Oldham limestone 43 

Derivation of sediments from Cincinnati geanticline 135 

Devonian Black shale and Devonian limestone unconformity 129 

Devonian Black shale 102 

Divisions in Ohio 102 

Variations In thickness 102 

Base of Black shale section 104 

See Olentangy shale 114. 129, 288 

Green shales at middle of section 109 

See Chagrin formation 15, 102, 108. 112 

Fossils cited by Linney 107 

General discussion of fauna 110 

Black shale — Devonian limestone unconformity 129 

Chemical composition 254 

Mineral waters from 254 

Chemical analyses of 258 
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Water supply 285 

Oil horizons 288 

Devonian limestones of Kentucky 32 

Of Indiana 15, 80 

Of Ohio 79 

Outcrops along P^ishlng creek, near Cumberland river 115 

Area of outcrop in Kentucky 13 

Thickness in East-Central Kentucky 89 

Minor subdivisicfns in East-Central Kentucky 92 

Devonian limestone fauna 80 

Fossils listed by Linney 87 

Xiddville layer with fish remains 93 

Chemical composition 244 

See, also. Analyses, chemical. 

Economic value of 252 

Water supply 285 

Oil horizons 288 

Devonian limestone — Black shale unconformity 129 

Devonian — Silurian unconformity 116 

Duffln limestone 97 

Chemical composition 248 

Economic geology 207 

Eden formations: Subdivisions 10 

Chemical characteristics 212 

Epsom salts 238, 256, 259 

Estill clay 59 

Chemical composition 228 

Source of Crab Orchard salts and waters. 

Influence on water supply 285 

Fossils at top of clay in Lewis county 327, 329 

Faults 101, 139, 150, 151, 157, 158, 165, 168) 170. 189 

Faunas. See Fossils. 

Ferruginous content of limestones 220 

Fire clays, not present in the Silurian of Kentucky 231 

So-called fire clay near Waco 274 

Fishing creek. See Cumberland river exposures. 

Fish layer at base of Devonian limestone 93 

Chemical composition 245 

Flades clay. See Estill clay 60 

Fossils. 

Black river; Ottawa. Canada; LIndstroemia whiteavesi 312 

Maysville 43, 71, 74, 139, 150, 164, 165. 181, 183, 190, 197. 204 

Ri.^hmond 65, 70. 71. 74, 180, 181. 190, 196. 204 

Brassfield 30-35. 42, 65-77, 115, 143. 148, 160. 161, 163, 165, 

172. 176. 177, 179, 186. 190, 196, 200, 312, 320. 290 

Brassfield fauna compared with Clinton of Ohio and Indiana 33 

Compared with Clinton of New York 35 
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Clinton of Ohio 33 

Clinton of New York 35 

Clinton of Kentucky. See Brassfield. 

Whitfieldella layer 36-38, 150, 203 

Ferruginous layer 42 

Oldham limestone 47-50, 165, 182, 186. 187, 194, 195 

Stricklandinia norwoodi 324 

See, also, Dayton limestone. 

Dayton limestone 35, 323 

Indian Fields formation. See Oldham and Dayton limestones 60 

Rochester shale of New York 57 

Waco limestone 55-57. 75, 162, 191, 297, 329 

Compared with Rochester fauna of New York 57 

With Gotland fauna of Sweden 58 

Top of Estill clay in Lewis county 327, 329 

Kiddville layer 93. 245 

Devonian limestone 80-89. 93-97, 99, 116, 139, 145. 

149, 174, 178, 179, 182, 198, 206 

Fossils compared with faunas of other States 80 

Fossils listed by Linney 87 

Duffln limestone 99 

Delaware limestone 114 

Devonian black shale 106, 107, 108, 110-111 

Phosphatic nodules at base of Waverly 110 

Waverly 110 

List of fossils described in this bulletin 295 

Garrard formation. See F'aint Lick and Mount Hope formation. 
Geanticline. See Anticline structure. 

Glauber salts 238, 256, 259 

Glaze for pottery 278 

Greenfield limestone 243 

Greenish clays in Devonian shale section 109 

Gypsum in Crab Orchard clays 23C 

Hematite 223 

High Bridge formation : Subdivisions 10 

Chemical characteristics 211 

Hudson river beds, at present called Cincinnatian. 

Indian Fields formation 60 

See, also. Plum creek clay and Oldham limestone. 

Iron carbonate 223 

Iron ore, so-called Clinton 38 

Chemical composition 221 

Irvine formation 133 

Chemical composition 268 

Kiddville layer at base of Devonian 93 

Chemical composition 245 
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Lexington formations : Table 10 

Chemical characteristics 211 

Lexington peneplain 130 

Lexington Tile Roof Company 278 

Licks 238 

Limestones. See under 
Silurian. 

Clinton or Brassfield, Oldham, Waco, Springfield, Cedarville, 
Greenfield, Osgood, Laurel, and Louisville. 
Devonian. See under 

Kiddville, Boyle, DuflQn, Columbus, Delaware, Gebeva, Jefferson- 
ville, Sellersburg. 

Limonite 223 

Linietta clay 14 

Chemical composition 262 

Phosphatic nodules at base of Waverly 263 

Linney's Reports on 

Lincoln county 63 

Garrard county 68 

Clark county 71 

Montgomery county 75 

Bath county 76 

Fleming county 78 

Mason county 78 

Marion county, Knott's report 78 

Account of faunas of Devonian limestone 87 

Discussion of Devonian Black shale 107 

Tx>wer Carboniferous, at present usually called Mississipplan. 

Lower Hudson, later called Winchester formation. See Cynthiana and 

Eden formations. 
Lower Silurian, now called Ordoviclan. 

Lower Waverly clay, or Linietta, or Bedford clay 262 

Chemical composition 262 

Lulbegrud clay 50 

Chemical composition 227 

Magnesian content of limestones 220 

Magnesian limestones 225 

Maysville formations. Table 10 

Chemical characteristics 212 

Water supply 286 

Medina sandstone of Linney 03, G8, 71, 76 

Middle Hudson, later called Garrard formation. 
Mineral springs. See Analyses, chemical. 

Misslssippian 14 

Moberly Tiling Manufacturing Company 276, 282 

Mount Hope bed 10 
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Natural Cements, Devonian limestone 252 

Chemical characteristics 253 

New Providence clay. See Linietta clay. 

Niagara shales. See Crab Orchard shales. 

Ohio Black shale. See Devonian Black shale. 

Oir horizons 288 

Oldham limestone 47 

Fauna of 47 

Stricklandinla norwoodl 322 

Sfe, also, Dayton limestone. 

Olentangy shale 114, 129, 130, £88, 289 

Ordovician rocks. Table 10 

Total per cent, of exposures within Kentucky 13 

Chemical characteristics 211 

Water supply 286 

Oriskany of Llnney. See Kiddville layer. 

Osgood clay 17, 35, 58, 78 

Paint Lick bed, chemical characteristics 213 

Paleozoic strata. Table 10 

Areas of exposure of various divisions within Kentucky 22 

Panola formation. See Silurian and Devonian. 

Paving brick at Searcy 282 

Peneplain, Lexington 130 

Early Devonian 125 

Eocene 134 

Pennington shale. Analysis of clay layer 267 

Phosphatlc rocks. 

Phosphatlc content of limestones 220 

In ferruginous Silurian rocks, Iron ores 224 

In Kiddville layer, with fish remains 245 

In phosphatlc nodules at base of Waverly 109, 263 

Plum creek clay 44 

Chemical composition 226 

Portland cement, typical analyses 234 

Former method of manufacture 235 

Portw ood clay industries 276 

Pottery, from Irvine clays. 

Analyses of clays of Irvine formation 268 

Manufacture of at Bybeetown or Portwood and Waco 278 

Slip clay used 277 

Pottery glaze used 277 

Richmond formations. TaWe 10 

Chemical characteristics 213 

Water supply 28« 

Richmond formation of Campbell. See Richmond and Maysville forma- 
tions 18 
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Roofing Tile, process of manufacture at Searcy 279 

Desirable qualities 281 

Chemical analyses 281 

Rose Run Iron Ore 38 

Chemical composition 221 

Saline springs 255 

Chemical analyses 259, 260 

Salt licks. ., 238 

Salts, Crab Orchard 241 

Salt Springs 260 

Salt well 149, 156, 238 

Saluda bed. Chemical analysis 213 

Sandstone. See under Garrard, Tate, Hillsboro, and Waverly. 

Searcy Tile Roofing Company 276, 278 

Sections of Silurian and Devonian strata. See table on 137 

Seegar cones not used 281 

Sewer pipe clay 232 

Shales. 

Silurian. See under Crab Orchard and Niagara. 
Devonian. See under Devonian Black shale. 
Mississippian. See under Bedford and Pennington. 
Silurian formations 

Of Kentucky 10, 27, 64 

Of Indiana. 17 

Of Ohio 17 

Area of outcrop in Kentucky 13 

Outcrop along Cumberland river 114 

Chemical composition. See Analyses, chemical. 

Silurian-Devonian unconformity 116 

Economic value of Silurian clays 231 

Source of Crab Orchard waters and salts 236 

Water supply 285 

Oil horizons 288 

Silurian faunas. See under Fossils. 

Slip clay, Albany, analysis 277 

Southern Kentucky exposures of Silurian and Devonian 114 

Springs 139, 142, 144. 174, 180, 198, 255. 285 

Mineral Springs. See Analyses, chemical. 

Stone ware clays. Not present in Silurian 231 

Typical analyses 231 

Irvine stone ware clays 268 

Stones river. See High Bridge formations. 

Table of Paleozoic formations 10 

Tate layer in upper part of "CTaysviUe 212 

Terra ootta clays 233 

Tertiary formations 133 

Thickness of Devonian limestone in East-Central Kentucky 89 
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Thickness of Devonian shales lt)2 

Tiling 283 

Trenton formation. See Lexington formation. 

Unconformities. General Discussion 122 

Silurian Devonian unconformity 116 

Devonian limestone — Black shale unconformity 129 

Upper Hudson, now divided into Richmond and Maysville formations. 
Upper bilurian, now called merely Silurian, since the Lower Silurian is 
at present usually called Ordovician. 

Vitrified wares, clays, analyses , 232 

Waco, Kentucky, clay industries 276 

Waco limestones 52 

Fauna 55, 293 

Comparison with Rochester fauna of New York 57 

With Wenlock fauna of Gotland, Sweden 58 

Waldron clay 17 

Water supply 285 

Waverly. 

Phosphatlc nodules at base of Waverly 109. 263 

Linietta clay, or Bedford, New Providence clay 263 

Availability of Linietta clay for economic uses 265 

Sandstones 266 

White sulphur springs 258 

Whitfieldella layer 36, 114 

Chemical composition 219 

Fossils of 36, 326, 327 

iWinchester formations. See Cynthiana and Eden formations. 

Ziftel and Sons Pottery Company 276 



B. FORMATIONS. 

Alger formation 10, 18, 27, 60-63, 68, 116. 285 

Alluvial clay 274, 275. 278-284 

lArnheim bed 10, 13. 19. 71. 74. 213 

Bedford formation 14. 136, 262-266. 289 

Belfast bed 42. 43 

JBellevue bed 10. 19 

Berea sandstone 14. 266, 289 

(Birdseye limestone 13 

jBlack hand formation 14 

Black shale. See Devonian black shale. 

Boyle limestone 10. 12. 92 

Brassfleld limestone 10. 12. 18, 27, 43. 67. 114. 117. 217. 218. 220. 290 

Camp NelFon bed 10, 23. 211 

Canadian series 10 
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Carboniferous system 13, 112, 131 

Cedarviile limestoue 17, 242 

Chagrin formation 15, 102, 108, 109, 112 

Chattanooga shalo 11 

Chazy formation 13 

Chemung shale 281 

Chester limestone 11 

Cincinnatian series. See page 10 for subdivisions 10, 12, 18, 24, 212, 215 

Cleveland shale 15, 102, 108, 111 

Clinton formation. See, also, Brassfleld formation, 

10, 12, 17, 35, 57, 66, 71-78, 218-220, 286, 290 

Coal measures 10, 11, 26, 132 

Columbus limestone 12, 15, 79-86, 129 

Colunmaria bed 65, 67, 70 

Conglomerate measures 10, 11 

Corniferous limestone 87. 88, 129 

Corryvijle bed 10, 19 

Crab Orchard division, 

10, iz, 18, 27, 62-72, 74, 75, 78, 116, 117, 217, 220, 233, 236-240, 261, 265 

Cretaceous strata 132 

Cumberland sandstone 70, 74, 214 

Curdsville bed 10, 211 

Cuyahoga shale 14, 266 

Cyntniana group 10, 13, 14, 19, 101, 211 

Dayton limestone 17, 35, 41-43, 50, 62 

Delaware limestone 11, 15, 79, 129, 130 

Devonian black shale, 

11, 13. 15, 79. 86, 102-114, 133-136, 161, 197, 251, 254, 266, 285 

Devonian black shale, base of section 104-107 

Devonian black shale, middle greenish clays 109 

Devonian limestone 12-16, 79-101, 114-130. 244-254, 285 

Devonian system. See page 10 for subdivisions 10, 11, 13, 15, 24-26, 114 

Duffin layer 16, 92. 97-101, 246, 248-251 

Eden group 10. 12, 14. 19. 212 

Eocene clays and sands 132-134. 267-z74 

Erie shale 102. 1C8. 109, 112 

Estin clay 10, 18, 27, o9, 60, 117, 228-230, 236 

Fairmount bed 10. 19. 101, 212 

Ferruginous layer, overlying Clinton 38-44. 73. 75, 220-225 

Fish layer 93-97, 245 

Flades clay [18. 60 

Fulton layer 10. 14. 19 

Garrard bed 10, 14, 69. 101, 212. 215 

Genessee shales 112-114 

Geneva limestone 10. 15. 80 

Greendale bed 10, 211 

Greenfield limestone 12, 129, 242. 243 
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Hamilton formation 86. 114. 129 

High bridge group 10, 13, 24, 211 

Hillsboro sandstone 17, 129, 242 

Hudson river beds. See page 10 for subdivisions 12, 69, 70 

Huron shale 15, 102. 108, 111 

Indian Fields formation 10, 18, 27, 60. 61 

Irvine formation 11, 133-136, 267-278 

Jeffersonville limestone 10, 15, 80-86, 89, 116, 129 

Jessamine series 10, 13, 215 

Kentucky river limestone 213 

Kiddville layer 16, 92. 245 

laurel limestone 17 

Lexington group 10, 13. 24, 211 

Liberty bed 10, 19 

Linietta clay 14, 136, 262-265, 286 

Logan formation 14 

Logana bed 10, 211 

Loraine group 10, 12 

Louisville limestone 17 

Lower Carboniferous 10, 11, 267 

Lower Silurian. See Ordovician 12 

Lulbegrud clay 10, 18, 27, 50-52, 227, 228, 23(f, 236, 241 

Marcellus shale 114 

Maxville limestone 14 

Maysville group, 

10, 12, 19, 139, 150, 166, 167, 180, 181, 183, 190, 197, 204, 213, 215, 287 

Medina sandstone 63, 68-78 

Million formation 10, 19, 212 

Mississippian system 10, 11, 13, 14, 26. 135 

Mohawkian series. See page 10 for subdivisions 10,13,215 

Monroe formation 12, 129, 242, 243 

Mount Auburn bed 10, 19 

Mount Hope bed 10. 14, 19 

Neocene strata 11, 132, 134 

New Albany shale 11 

New Providence clay 15, 263 

Niagaran series. See page 10 for subdivisions 10,12,75.129 

Niagara shales 17, 18, 56, 60, 62, 71-79, 242 

Nunda formation 114 

Ohio black shale 10. 11, 86. 251, 254, 261 

Oldham limestone 10, 18, 27. 38. 43, 47-50. 62, 68, 70, 226 

Olentangy shale 114. 129, 130, 288, 289 

Onondaga limestone 86, 114, 116, 123, 125, 128 

Ordovician system. See page 10 for subdivisions 10, 12, 13, 24, 67, 211, 215 

Oregon bed 10, 211 

Orlskany formation 16, 96 

Osgood clay 17. 35, 58, 78 
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Osgood formation 35, 128 

Osgood limestone 35, 57, 128 

Paint Lick bed 10, 19, 212, 215 

Paleozoic strata. Table on page 10 10, 11, 131 

Panola formation .13, 136 

Paris bed 10, 211 

Pennington shale 267 

Pennsylvania system 10, 11, 13, 26, 131 

Perryvllle bed 10, 211 

Phosphatic nodule layer 15, 109, 110, 134, 202, 265- 

Pleistocene strata 132, 133 

Plum creek clay 10, 18, 27, 43, 44-47, 74, 221, 226, 231, 285 

Point Pleasant bed 10, 14, 211, 212 

Portage formation 113, 114 

Pottsville formation , 11 

Richmond Group. See page 10 for subdivisions. 

10, 12, 13, 19, 07, 70, 74, 76, 139, 146. 150, 180, 

181. 183, 189. 190, 196, 204, 213, 214, 286 

Rochester shale 18, 56-58, 71, 74 

Rockcastle conglomerate 267 

Saluda bed 10, 13, 19, 214 

Scioto limestone 12 

Sellersburg limestone 10, 15, 80-89, 129 

Silurian clay. See, also, Plum creek, Crab Orchard, Alger and Osgood 

clays 226, 231 

Silurian limestone. See, also, Clinton, Brassfield and Oldham lime- 
stones 216, 242 

Silurian system. See page 10 for subdivisions, 

10, 12, 17, 24-27, 63, 68-71, 114-130, 216 

Springfield limestone 17, 242 

St. Genevieve limestone 11 

St. Louis limestone 11 

Stones river group 10. 13 

Sunbury shale 14. 266. 289 

Tate layer 101, 212, 215 

Tertiary strata 11 

Trenton group. See page 10 for subdivisions 10, 13 

Two-foot limestone, base of Waco, marked C on page 64 52, 71 

Tyrone bed 10, 211 

Upper Birdseye limestone 211 

Upper Silurian. See Silurian 12. 68 

Utica group 10, 12 

Versailles formation 10, 13. 19, 213 

Waco limestone 10. 18, 27. 50-58, 117. 128. 285 

Waldron clay 17 

Waverly sandstone 266 

Waverly series 10, 11, 16. 133, 134, 261-263, 266, 268 
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Waynesville bed 10, 13, 19, 213 

Wenlock, England 58 

West Union limestone 17, 243 

Whitewater bed 10, 19 

Whitfieldella layer 36, 44, 66-70, 75, 114, 115, 117, 127, 219, 225, 290 

Wilmore bed 10, 211 

Winchester formation 10, 13, 14 



C. LIST OF LOCALITIES. 

1. Geographical Names. 

Abbott's mill 32, 186 

Adam's mill on Fishing creek 116 

Alfred Center, New York 281 

Alger 61 

Alum rock, at Vanceburg 266 

Alum springs, Boyle county 113, 255, 258, 260, 262 

Arlen 120, 189 

Bald hills, Garrard county 63, 67, 69, 286 

Bardstown , 127, 128, 129 

Bear Mountain 267 

Bear Wallow 135, 171 

Beasley fork, Ohio 42 

Belfast Ohio 43 

Bellefontaine. Ohio 25 

Berea 32, 93, 113, 130, 138, 156, 162, 165, 168, 263, 266, 283 

Berea College Brick Co 283 

Big Doe creek 174 

Blue BauK creek 205 

Blue, lick, northeast of Berea 263, 265 

Blue lick, west of Junction City 264, 265 

Bobtown 168-171, 227, 264. 271 

Brandy spring branch 159. 160 

Brannon station 21 

Brassfield 27, 30, 47, 133, 134, 168, 171, 176, 177, 236. 286 

Brool.8 113, 129 

Brown's quarry, west of Carlisle, Ohio 220 

Brush creek, Montgomery county 201 

Buffalo spring 139, 285 

Burksville 20 

Bybeetown 179, 270 

Calloway creek 171 

Camp Nelson 23 

Caney creek, Morgan county 2S9 
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Carpenter station 66, 68 

Cartersville 158-162 

Cat creek 134 

Catskill Cement Co., New York 234 

Cedar creek, Lincoln county 142-152, 240, 285 

Cedarville, Ohio 243 

Centerville, Ohio 220 

Chicago 24 

Chilton 186 

Cincinnati, Onio 20 

Clarksburg, Lewis county 243-254 

Clay City 86, 134, 191, 194, 285 

Cobl) Ferry 179 

Coldwater branch 116 

College Hill 133. 181, 182 

Columbus, Ohio 80-85, 102, 114, 129, 254 

Combs 230 

Copperas creek 107, 108, 111, 112 

Covington. Virginia 114 

Crab Orchard . . 31, 62, 64, 65, 67, 86. 93, 96, 142, 148. 152-158, 229, 238-240, 254, 285 

Crow ford 187 

Cumberland City, Tennessee 104 

Cumberland river 21, 37, 110, 114, 130 

Curry bridge 183 

Dayton, Ohio 60, 127, 220 

Delaware. Ohio 129 

Delphi, Indiana 114 

Dlx river 65, 67. 152, 153, 157, 229, 240 

Drake creek 157, 158 

Drennon springs 21 

Dripping springs, Garrard county 107 

Drowning creek 171, 175, 230 

Duddcrar'a mill 65 

Duffin cut 85, 93, 98, 139, 145, 247-252 

Dunbarton, Ohio 41 

Duncansville, Ohio 41 

Eastin mill 73. 75, 199 

Eaton, Ohio 220 

Elk Run Ohio 43 

Elliston 32, 178, 214, 217, 219, 228, 246, 251-253 

Epsom, England 238 

Estill Springs 59, 171-174, 227, 255 

Palling Branch 180 

Fall Lick creek 153, 156 

Falmouth 23 

Farmer station 266 

Farmvllle 40 
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Fishing creek 37. 115. 130 

Flai1e«3 creek 60, 95. 152 

Flat Woods church, Garrard county 163 

Forbush creek 114, 115 

Fox 181 

Fox ci eek 

Fox springs 107, 255, 258, 259, 261 

Gasburg 127 

Gilbert creek 164 

Gilbert creek station 65 

Glen Falls Portland Cement Co 234 

Goosey's old stand 189 

Gotland, Sweden 59 

Gravel Lick creek 

Green county 242 

Greenfield, Ohio 129, 243 

Gre n river. 264 

Hale's well, south of Stanford 147, 255 

Han Gap pike 147 

Hall Gap station 65, 67, 146. 147 

Hammack 158-163 

Harmon creek 158-159 

Harpeth river, Tennessee 103 

Highland county, Ohio 242 

Hicks, Illinois 104 

Hillsboro, Fleming county 40, 43. 219, 220 

Hillsbcro, Ohio 60. 129, 243 

Hollywood mill 198 

Holy Cross church 78 

Hornback curve 196 

Hot Springs. Virginia 114 

Howard creek 183, 11*5, 196, 245 

Howard's mills 204 

Huber 15, 129 

Hudson's mill 194 

Hus*onville 89 

Indian Fields 27, 31. 32. 60, 74. 86, 107, 108, 112, 133, 183-199, 245-261. 285 

Irvine 21, 112, 133, 134. 171-175, 227, 229, 236, 255. 262, 268, 281 

Jackson ferry 91, 182 

Jackson hollow 169 

James mill 65, 67 

Jeffersonville 113, 197, 200. 201 

Jersey county. Illinois 104 

Joe lick creek 227 

Joe lick fork 168 

Joe lick knob • 169-171 

Junction City 21. 22, 85. 102. 110. 139. 149. 247-250, 255. 258-263 
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Kentucky river 19, 21, 23, 132, 134, 178-182, 282 

Kiddville 73, 75, 133, 197-199. 241 

Lancaster 118, 163 

Lawrenceburg 2i 

Lawson chapel, Garrard county 164 

Lebanon 24, 85, 102, 255, 259 

Levee 110, 200 

Lexington 20, 21. 130 

Lexington Tile Roof Co 134, 278, 282 

Liberty 130 

Licking river 23, 244 

Linietta springs 255, 264 

Little cub creek 114 

Log lick church 187, 188 

I^ng Branch 134. 186, 187 

Loretto 129 

Louisville 21, 80-85, 113 

Ludlow Falls, Ohio 220 

Lulbegrud creek 50, 185, 186, 187, 191. 194-199. 245, 246. 252 

Madison, Indiana 213 

Mammoth cave 237 

Manitoulin Island, Lake Huron 58 

Mason fork 162 

McKinney station 19, 97 

Merritt ferry 30, 189, 190 

Mill creek 206 

Moberly 32, 86, 178-181, 274, 276 

Mobeily Tiling Manufacturing Co 276. 282 

Moore's ferry, Kentucky river 95 

Moore spring 105, 180, 253, 285 

Moreland 66, 68 

Moscow 23 

Mount Carmel 219, 220 

Muddy fork 178, 214, 217, 219, 221 

Mullln's station 90 

Muse's mills 107 

Nashville, Tennessee 103 

Neal creek church 32, 147 

New Haven 129 

New Liberty church 135, 168 

Nicholasville 20 

Ohio river 23 

Oil spring, Indian fields 112, 197-199, 246, 252, 255. 260, 285 

Oldham branch 47. 176. 177, 226, 228 

Olympia 203 

Olympian springs 86. 244, 252, 255, 258-261 

Owingsville 38. 39. 43, 121, 137, 206, 218-222 
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Page 

Paint lick creek 162-163 

Panola 27, 30, 32, 47, 175-177, 226, 228. 230, 236 

Peebles, Ohio 60 

Pickaway county, Oliio 86, 13o 

Plum creek 44, 194 

Point Leavell 163 

Portwood 179, 270 

Preachersville 157 

Preston 37, 88, 204-206 

Prospect Hill, Missouri 281 

Ragland 103, 121, 262, 289 

Raywick 25. 26, 129 

Red river 86, 134, 188-191, 194, 195 

Rice station 106. 174, 175 

Richmond, Indiana 127 

Richmond, Kentucky 20, 130, 183 

Richmond junction 65 

Rightangle 189 

Rock branch, Madison county 162 

Rocky creek, Estill county 189 

Rose run 38, 39, 206, 221 

Rosslyn 134 

Rowland 65, 152 

Salt lick creek 243 

Salt river 213 

Searcy station 114, 251, 274, 278 

Sedlitz. Bohemia 238 

Sharpsville, Ohio 43 

Slate creek 37, 38. 203-206. 222 

Smith's landing, New York 234 

Snow creek church 194, 195 

Somerset 37. 115 

Spencer 37, 203 

Spout spring, southwest of Clay City 285 

Springfield, Ohio 243 

Stanford 19. 24. 32. 89, 137, 139, 142, 148. 149. 152, 255 

Station camp creek 174 

Stewart mill 245 

Stuart mill 198. 245 

Sulphur spring branch, Fishing creek 115 

Sulphur springs, Lebanon 255 

Sycamore creek 200, 201 

Tipton ferry 134. 191. 194 

Valley 243. 254 

Vanceburg 112, 113, 130. 243. 266 

Vienna 183, 187-189 

Vigo county, Indiana 281 
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Page 

Virden 194 

Waco 52, 134, 136, 178-181, 228, 251, 253. 269-273, 276, 282, 285 

Wallaceton 163 

Walnut flats 151 

West Union, Ohio 41, 42, 60 

Whippoorwill churcli, Ohio 41 

White lick creek 161 

White oak creek 171, 172 

Whites 93, 119, 165, 167 

Winchester 130 

Woodlawn 127 

Wyoming 122 

Young springs, Bath county 108 



2. Personal Names. 



Abbott, Tom Will 196 

Adams farm 273, 274 

Allen, W. G 221 

Anderson, James M 28, 118, 164 

Bailey, James Thomas 45, 117, 146 

Baker, Charles, Garrard county 99, 162 

Baker, I. C, Madison county 168 

Barlow, Milton 270 

Barnett, Jack 122 

Boone, George 144, 285 

Brock, Simpson 30, 32, 120, 190 

Brock, Taylor 116 

Bruner, Brownlow 51, 54, 186 

Bryant, Abel 49, 143 

Cornelison and Sons's Pottery Co 278 

Covington, J. G 214 

Creekmore, Joe 169 

Curtis, Tom 180, 285 

Dolllns, Reuben 239 

Elkins. J. T 48, 51. 100, 120, 187 

Embry Mrs. Susan J 251 

Eubar.ks, Morgan 48, 187 

Finnell, Jones 100, 188 

Freeman, Dr 227. 233 

Freeman, John 115 

Garrett. Dave 169 

Gibbs, Joe 170 

Glasgow, Gordon 266 
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Goff, John 74. 94, 104, 109, 134, 183 

Gossett, V. L 115 

Grinstead farm 275 

Groves, J. E 73, 241, 259 

Harris, Jamea F 31, 53, 59, 61, 172, 227, 229 

Hisle, J. M 183 

Howard, Mr., Crab Orchard 153 

Hunt, Dr 160 

Johnson, William 205 

Jones, Sol 115 

Kldd, E. H 89 

Lake, Anderson 230, 233 

Lawrence. Will 94, 100, 106, 198 

Lewis, James Walker 271 

Loval, Al 115 

Lynn, J. T 65 

Mason, Prof. S. C 284 

Mcintosh, George 44, 194 

McKinney, G. S 272. 276 

Mifford, David 254 

Monk. BUI 98, 152 

Moody. Mat 90, 115, 119, 169, 170 

Morgan, Sweeney 164 

Oldham, R 270 

Parsons, Robert 160 

Peel. Jim 199 

Pigg, John 264 

Pleasants, William 117, 145 

Purvis farm 221 

Rice, Carnel 221 

Richardson, W. J 243 

Richardson, William 115 

Searcy, C. L 228. 233. 274 

Snowden, Billy 186 

Spainhower, Peter 163. 164 

Stone, James 100. 189 

Tate, William 282 

Terrell, Bever 168 

Todd. Sara 162 

Varnon. Thomas W 264 

Walker, Wood 160 

Ware. Gyrene G 142 

Warren, William 221 

Zittell and Son's Pottery Co 276 



D. Index to Locality Numbers Used on tbe Accompanyini Maps. 



The letters are printed in a conspicuous Tcanner on the maps cited 
below, and follow the numbers specifying the localities described in this 
bulletin. In order to find the location of any locality upon the map, first 
find the page on which the map is printed; then find the large letters desig" 
nating the particular section upon which the number has been placed. Within 
the boundaries ot this section the number may be found easily. In the 
Stanford-Crab Orchard map, the quadrangles are named instead, but the 
names for these quadrangles are given also in this index. In order to find 
the page on which the exposures at the locality indicated are described^ 
look up the page number in the index below. 

Crab Orchard quadrangle, northeast section. (See map on page 140, left 
side of the map.) 

Page Page 

1 CO-NE 147 19 CO-NE 142 

2 CO-NE 147 20 CO-NE 142 

3 CO-NE 147 21 CO-NE 149 

3 CO-NE 147 22 CO-NE 148 

5 CO-NE 146 23 CO-NE 151 

6 CO-NE 146 24 CO-NE 151 

7 CO-NE 146 27 CO-NE 151 

8 CO-NE 146 28 CO-NE 150 

9 CO-NE 145 29 CO-NE 150 

10 CO-NE 145 31 CO-NE 149 

11 CO-NE 145 32 CO-NE 149 

12 CO-NE 144 34 CO-NE 156 

13 CO-NE 144 35 CO-NE 156 

14 CO-NE 143 36 CO-NE 157 

15 CO-NE 143 37 CO-NE 157 

17 CO-NE 142 38 CO-NE 153 

18 CO-NE 142 

London quadrangle, northwest section. (See map on page 140, lower 
sixth of page.) 

Page Page 

1 L-NW 152 5 L-NW 153 

2 L-NW 152 6 L-NW 153 

3 L-NW 153 7 L-NW 156 

Harrodsburg quadrangle, south section. (See map on page 140, upper 
left-hand corner.) 

Page 
52 H-S 139 

(867) 
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Harrodsburg quadrangle, southeast section. (See map on page 140, upper, 
V-sKaped segment.) 

Page Page 

1 H-SE 152 G H-SE 164 

4 H-SE 157 8 H-SE 164 

5 H-SE 158 13 H-SB 163 

Richmond quadrangle, £outhwe£t section. (See map on page 155.) 

Page Page 

1 R-SW 15S 10 R-SW 162 

2 R-SW 158 11 R-SW 162 

3 R-SW 159 12 R-SW 161 

4 R-SW 159 13 R-SW 161 

5 R-SW 160 15 R-SW 162 

6 R-SW 160 16 R-SW 162 

7 R-SW 160 17 R-SW 163 

8 R-SW 163 18 R-SW 163 

9 R-SW 163 

Richmond quadrangle, south section. (See map on page 167.) 

Page Page 

1 R-S 165 12 R-S 169 

2 R-S 165 13 R-S 169 

4 R-S 168 14 R-S 170 

5 R-S 168 15 R-S 170 

6 R-S 168 16 R-S 170 

7 R-S 168 17 R-S 171 

8 R-S 263 18 R-S 171 

9 R-S 168 19 R-S 171 

10 R-S 169 21 R-S 227 

11 R-S 169 22 R-S 271 

Richmond quadrangle, southeast section. (See map on page 173.) 

Page Page 

1 R-SE 177 5 R-SE 175 

2 R-SE 176 6 R-SE 175 

3 R-SE 176 21 R-SE 230 

4 R-SE 175 

Richmond quadrangle, east section. (See map on page 173.) 

Page Page 

18 R-E 189 60 R-E 179 

51 R-E 177 61 R-E 273 

52 R-E 175 62 R-E 180 

53 R-E 174 63 R-E 278 

54 R-E 175 64 R-E 179 

55 R-E 178 65 R-E 181 

56 R-E 272 66 R-E 182 

59 R-E 179 
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Richmond quadrangle, northeast section. (See map on page 185.) 

Page Page 

1 R-NE 195 12 R-NE 18V 

Z R-NE 195 \6 R-NE 187 

3 R-NE 196 14 R-NE 188 

4 R-NE 196 16 R-NE 188 

5 R-NE 196 17 R-NE 188 

6 R-NE 196 31 R-NE 189 

7 R-NE 183 32 R-NE 190 

8 R-NE 183 33 R-NE 190 

9 R-NE 186 34 R-NE 190 

10 R-NE 187 6/ R-NB 182 

11 R-NE 187 

Beattyville quadrangle, west section. (See map on page 173.) 

Page Page 

11 B-W 171 16 B-W 174 

12 B-W 172 16 B-W 174 

13 B-W 174 

BeattyvIUe quadrangle, northwest section. (See map on page 193.) 

Page Page 

B-NW 137, 198 x2 B-NW 198 

1 B-NW 183 13 B-NW 198 

2 B-NW 186 14 B-NW 199 

3 B-NW 186 15 B-NW 199 

5 B-NW 191 16 B-NW . . . .' 199 

6 B-NW 191 17 B-NW 200 

7 B-NW 191 20 B-NW 200 

8 B-NW 194 22 B-NW 200 

9 B-NW 194 23 B-NW 201 

10 B-NW 195 25 B-NW 201 

11 B-NW 199 

Flemingsburg quadrangle. (See map on page 202.) 

Page Page 

1 Fl 203 5 Fl 205 

2 Fl 203 6 Fl 206 

3 Fl 204 7 Fl 206 

4 Fl 204 
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